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Introduction

Since the end of 1993 a joint research programm within IOPRI and CIRAD have been
undertaken on the study of the physiological components of oil palm yield elaboration in North
Sumatra, more precisely in the Marihat Research Station. The general aim of this physiological
work is already well-described in several previous internal reports (Lamade : Planned Operations
94, 95 and 96; Progress Report 1 and 2). It has been focused on the test of a carbon balance
model, derived by Dufréne (1989) in Ivory Coast conditions on the control family L2T x D10D,
with measured physiological parameters in North Sumatra conditions as the maximal
photosynthetic rate, the quantum yield efficiency, the extinction coefficient 6f the studied canopy
and the standing biomass of each involved family, the LAI and so one (at least around 14
parameters have been collected directly from field study). This test have been undertaken on both
seeds and clonal material at different age : sexual material are dealing with two families
presenting constrating yield and morphological caracteristics (“La Mé” origin : DA18D self x
LMT7T; “ Local” origin : BJ13D self x BJ21P) of 10 years old, clonal material are dealing with 3
different clones of 6 years old, respectively MK 10 ( parent : BJ169 D x RS4 P), MK04 (DS29D
x LM2T) and MK22 (RS4T x TI221D).

Simultancously from this test, news cxperimental developments concerning the
identification of some constraint factors to leaf gas exchange as the VPD (Vapour Pressure
Deficit), the leaf nitrogen content, the air temperature, the soil water content (both excess as
waterlogging and possible surface temporary “drought”) have been emphasized during this third
data campaign. These experimental points are exploded with essentially keeping in mind further
development in modelling as to reach respectively the second (including a water balance modecl)
and third level (including a nutrient model) in sense of De Wit (De Wit & Goudriaan, 1978) in the
next years. FFrom all these physiological investigations, two possible applied field are pointed out
 the first onc is plant breeding because differences between the respective pattern of the studied
matenial (both scxual and clonal) are significantly obvious and the second one may be in cropping
husbandry practices (density planting, prunning and interaction between waterlogging and
fertilizer apply for example).

This actual progress report is done with the general goal to, of course, described what was
done during the period from March to October 96 in the ficld, in Marihat, but also to give tools
for the data processes and some guideline fo next publications. At the end, proposals will be done

for purchase new equipment to raise respectable facilities required in further important
physiological investigations in IOPRI- Marihat.



Chap. 1. Realisations

Gas exchange

1. Calibration

In the “planned operation report”, several calibrations are proposed : they concerned
especially PAR sensors , one , a II-Cor 190 from meteo park which needs to be re-calibrated
nearly every year and those for both analysers LCA4 and LCA2. Also temperature thermistor and
the output of the IRGA Cells for CO2 concentration and Relative Humidity were compared to
the results (sometimes a dircct calibration is not possible) to singlc sensors as thc
thermohygrometer Vaisala (see ANNEXE 1 for more specifications).

Results and comments ;

Both LCA2 and LCA4 have performed well for CO2, RH and temperature by given similar
results. Sometimes the LCA4 system, for unknown reason, presents a quite low output as far as
the CO2 concentration is concerned : in that case, zero and span calibration are required
(chemical have to be refresh before). Span caliration can be obtained by pumping the air at 10
m height and assuming that the concentration is equal to 350 ppm (total procedure for Span
calibration is well exxplained in the notice).

About chemicals : all along this data campaign, the “drierite” was exhausted due to very poor
recovering by drying again and other chemical , the Magnesium Perchlorate mixed with glass

balls have been used. The silicagel cannot be used refered to its strong interaction with the carbon
dioxide.

Meteo
What was done before in during 93-95 :

A first calibration have been done with a JYP 1000 (see ANNEXE 1 for more details on
specification) in April 94 :

From 278 points following regression was found :

Y =0.0071 X -0.00197 (1) (R2=0.999, df = 278) where Y = amount of radiation measured
by IL-190SA in mV and X = amount of radiation measured by the JYP sensor (as a reference) in
pmol.m-2.s-1. From that calibration, a new value for the multiplier (MULT) can be obtained with



Logger ). We get following regression :

1-Cor = 0.2205 * $94 BL (r2=0.99, dl=153)
1-Cor =0.2439 * $92 BL (r2=0.99, dI= 153)

With the reference sensor of the begining (Fig. 1)

Pont = 0.97 * S92 Bl - 0.0025
Pont =1.08 * S 94 BL - 0.0229

It’s possible to determine a mean value for the new calibration of the II-Cor

*S 94 BL 1 mV II-Cor = 444.44 pmol.m-2. s-1
1 mV II-Cor = 400.445 pmol.m-2 s-1 (401.80 and 399.09)

The total mean value for 1994 is 15.9 MJ. m-2.day-1. Comparing this value with Forster ‘s work
concerning the evaluation of the global radiation from the % percentage of insolation in Marihat,
it can be observed that this one is relatively low (from Forster’s work the scale between 1983 and
1989 1s 15 to 18)
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the following calculation :

2.708 mV x lvolt x 1 = 4.483 x 10-6 Amp

1000 pmol.m-2 s-1 103 mV 604 ohm 1000 pmol.m-2.s-1

calconstant = 4,483 pAmp

1000 pmol.m-2 s-1
we have Multiplicr = (-1)/calconstant *(K)
with “K” as a conversion factor with typical K values for 1I-Cor quantum sensor = 1
‘We have MULT = ( -1 )/(4.483 pA /1000 pmol.m-2 s-]
What is interesting to know is the correspondance between the output signal of the sensor and
the value in pmol.m-2 s-1.
In the notice of Il-Cor, for the IL-190SA Quantum sensor they give 8uA = 1000 umol.m-2.s-1.
To obtain from that scnsor an output signal in mV we nced a specific adaptor with a resistance

of 604 ohms,

We get :

1 mV =206.95 pmol.m-2 s-1
After first calibration in April 94, the signal is more “weak” :
We have 1 mV = 369.30 pmol.m-2.s-1

There are two way to join this result :
1. 1/(4.483 pA/1000 pmol) = 223.06

1 pA =223.06 pmol and with an adaptor equal to 604 ohm we gel last results.
2. Another way is to use the calibration with the “Pontailler sensor “. The specific value of the
“Pontaillier” sensor is
1ImV =95 pmol.m-2 s-1
We get from equation (1) 1000 pmol =2.70 mV
1 mV = 1000/ 2.70 =370.37 pmol.m-2.s-1

In December 94, It have been done a new calibration with 2 other “Pontailler™ sensor , the S94
BL and the S92 BL. All sensors were connected to a Delta-T Devices data logger (AT Delta-T

>



HME 32
Humidity Checker
11th September 1991

¥ VAISALA

SSD/Instructions for Use
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HME 32 HUMIDITY CHECKER

Humidity checker HME 32 is used to
check the accuracy of the calibration of
Vaisala humidity measurement instru-
ments. The operation of the calibration
checker is based on the humidity equilib-
rium of the air surrounding a saturated
salt solution. The value of the relative
humidity in the air depends on the salt
solution used. The humidity checker
consists of a body which has two plugs
for different probe diameters and a cap-
sule which contains the salt solution.

CHECKING PERIOD AND
TEMPERATURE

When a new humidity capsule is mount-
ed on the body, the checker must not be
used for one hour; during this time the
body reaches the same humidity with the
- capsule. After this the checker is ready to
be used. The minimum checking time is
10 minutes.

CARTRIDGES FOR DIFFERENT
HUMIDITY RANGES SHOULD
NOT BE USED IN THE SAME
BODY AS THE HUMIDITY
STABILIZATION PERIOD MAY

BE UNREASONABLY LONG.
SHAKING THE HUMIDITY
CHECKER SPEEDS UP THE
HUMIDITY STABILIZATION.

The best results are achieved by per-
forming the <hecking in a temperature of
+10...430 °C (LiCl above +18 °C).

STORAGE

The humidity capsules are delivered in
foil bags in which they can be stored for
approximately two years. When opening
a NaCl or K,SO, bag you may find some
dampness in it, but this is quite natural
and does not mean the capsules are
leaking. Simply wipe the capsules clean.
If the foil bag has been opened but the
aluminium foil has not been removed, the
capsule will be good for six months. With
the aluminium foil removed and mounted
on the body closed with plugs, the cap-
sule is usable for two months. Removed
from the body with no aluminium foil on
it, the capsule remains usable from a few
days to a few weeks depending on
ambient conditions. The storage
temperature should be 0 ... +60 °C, and
for LiCl capsules +18 ... +60 °C.

USAGE

The humidity checker HME 32 can be
used to check probes of 12 mm and 18.5
mm diameter. When a probe of 12 mm
diameter is checked, plug 1 is removed
and when a probe of 18.5 mm diameter
is checked, both piugs 1 and 2 are taken
out. During the checking the sensor
protection must be removed.

Do not hold the humidity checker in your
hand when checking a sensor, as this
will raise the temperature of the checker
and distort the reading.

Note. LiCl is harmful'if swallowed. If it
comes into contact with your
skin, rinse with water.



HME32-00226-1.3

cartridge

CALIBRATION

_If the probe after the humidity stabiliza-
tion period does not give a correct read-
ing within £5 %RH, we recommend that
it is recalibrated with HMK 11 calibrator
or it is sent to Vaisala representative for
calibration.

TEMPERATURE EQUILIBRIUM

The HME 32 and the probe to be
checked must be at the same temper-
ature before checking.

A temperature difference between the
probe and HME 32 checker causes an
error which has an effect on the inter-
pretation of measuring results. For exam-
ple, a temperature difference of 1 °C at
the humidity of 97 %RH causes an error
of 6 %. The corresponding error is small-
er when the reference value of relative
humidity is smaller.

TECHNICAL DATA

Checking accuracy 15 %RH

+20 °C

Operating tempera- +10 ... +30 °C
ture

Diameter 33 mm
Length 76 mm

Compatible with all Vaisala humidity
probes with @ 12 or @ 18.5 mm diame-
ter.

A cold probe can even reach a dewpoint
in the checker; water may condense on
the sensor and distort the reading. Within
the checker the sensor dries very slowly.

GUARANTEE

Vaisala issues a guarantee for the mate-
rial and workmanship of this product for
one (1) year from the date of delivery.
Exceptional operating conditions, dam-
age due to careless handling or misappli-
cation will void the guarantee. See the
Warranty and the Standard Conditions of
Sale of Vaisala Oy.

Available humidities

11 %RH lithium chloride LiCl

33 %RH magnesium chloride MgCl,
54 %RH magnesium nitrate Mg(NO,),
75 %RH sodium chloride NaCl

97 %RH potassium sulphate K,SO,



In 1996 a new calibration have been done with the newly calibrated PAR sensor of the porometer
1l-Cor. Two files can permit to raize a good calibration : CAL196.DAT and CAL296. DAT. A
same work and calculation as it is described behind has to be done again for 1996.

2. The new LCA4 software.

On the basis of Dufréne work, some mistakes have been identified especially on the energy
balance equation. Correct formulation can be found in the “Planned Operation”. From LCA4
system all data must be entered again throught these calculations before processes. After it can
be valuable to compare the both output of the internal LCA4 system and the new one actually
proposed.

3. Few comments about the checker of the thermohygrometer Vaisala.

Two chemical humidity checkers have been used to re-calibrate the probe of the
Thermohygrometer Vaisala at two different levels of relative humidity :

- 75 % : with a Na Cl cartridge
- 33 % : with Mg CI2 cartridge

These cartridges and the kit of calibration may be obtained in Vaisala (Helsinki, Finland). For the

use of this simple and cheap method, only one constraint has to be taken into account : to wait
carefully around 10 minutes to make the reading.

Experiments

1. Variation of the maximal photosynthetic rate with the

leaf rank, the leaflet position and the leaf nitrogen
content

Investigations have been started in the clonal trial BJ 26 on following trees and leaf rank (see
Table 2). At the same time leaf nitrogen analysis have been done on a basis of 10 leaflets around



the point B per leaf rank per studied leaves.

Last year on other plot BJ 27 S, on five trees per clones, the resultsfor N (% of dry matter) was
(MK10 : 15/7, 15/29, 14/27, 13/28, 16/27

MKO04 : 7/22, 5/22, 5/23, 7/21, 8/21

MK22 : 10/22, 10/25, 12/25, 9/22, 12/24)

leaf rank MK22 MK10 MKO04
1 2.82 " 2.65 2.866
9 3.13 3.03 3.003
17 2.83 2,17 2.847
25 2.67 2.65 2.668
33 2.5 2.47 2.16

4] 2.3 2.2 2.008

49 1.55 2.03 2.05

Table 3 . Results of nitrogen lcaf analysis on studied trees

Clone tree leaf rank N (%)
MK 04 11/4 3 297
MKO04 11/4 9 2.60
MKO04 11/4 17 2.71
MKO04 11/4 30 2.18
MKO04 11/4 38 1208
MK04 12/4 9 3.47
MKO04 12/4 17 2.73
MKO04 12/4 25 2.20
MK04 12/4 33 2.07
MK 04 12/4 41 11,59
MK10 6/5 9 3.13
MK10 6/5 17 2.73
MKI10 6/5 25 2.21
MK10 6/5 33 2.03
MK22 14/10 3 3.09
MK22 14/10 9 3.09
MK22 14/10 17 2.79
MK22 14/10 27 2.39
MK22 14/10 33 1237
MK22 14/7 9 3.02
MK22 14/7 17 2.78
MK?22 14/7 25 2.35
MK22 14/7 33 2.19
MK22 14/7 S 1.95
MK22 1417 49 1.67




Initially it has been proposed to use the method of the additionnal filter to get more quickly a
total PAR responsc curve to the light. But duc to a quite important incrtia in the responsc of the
LCAA4, just direct photosynthetic measurements have been realized. This experiment required at
least to work on a minimum of 5 trees per clone from a range of leaf rank coming from 1 to 49.
Until now only these following trees have investigated :

MKI10: 6.5, 5/3, 5/2

MK?22 : 14/40, 14/7, 14/10, 14/20

MKO04 : 11/4, 12/4

Few more repetitions are needed : can be done during the next campaign !

A test of lamina variability and on measurements repetition effect on a same lamina have been
done on palm n° 14/40 (clone MK22), on leaf rank n° 3 . A quik ANOVA have shown that the
response of porometer is quite stable from one repetition to another, on a non cut leaflet of
course. There is also a signficant gradient along the lamina with an increase of observed stomatal
resistance towards extremities : this is a new result compared with what has been observed by
Dufréne (1989) but with another equipment from Delta T Device (Mark I1 and Mark I11) that he
didn’ t pointed out difference along the leaflet. This result may have influence on the way to
measure stomatal conductance by only “clipping” the central-upper part of the leaflet where the
resistance seems to be minimal.

ANOVA on limb position for

the diffusive resistance (s.cm-1):

Df MS F test Proba
Total variance 24 1.29
Variance “Pos” 4 4.17 5.84 0.0029
Residual 20 0.71




The figure 1 gives a good illustration of the effect of the position on the lamina for the diffusive
resistance and the transpiration rate. '
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All observations have been done with the respect to minimize the difference between both
temperatures between the cuvette and the leaf. Due to hight radiation and occasionnal wind, this

difference can rize sometimes more than 1° C. These points have to be neglected in the data
process.

The main constraint of this experiment is to get old leaves in good sanitary conditions : that was

not the case several times because severe problems (essentially fungus) appears from already the
rank number 25.

Concerning the main orientation of the data process, the main work will consist, first by
comparing results from LCA4 and the 11-Cor porometer and after to identify the main factor of
variation (environmental factors as the VPD, the PAR and the air/leaf temperature and the leaf
rank effect) on stomatal conductance. After collecting again more measurements it will be possible
to see, if eventually, the stomatal conductance, per se, may become an indicator of the level of
plant nutrition in Nord Sumatra where there is no water constraint.

In all calculations the stomatal conductance has to be in mmol.m-2.s-1.

Example of the data file obtained from the measurements with the [I-Cor 1600 on the clone MK04

10
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2. Effect of the waterlogging on leaf gas exchange, on
growth and on biomass allocation, interaction with
fertilizer application

Following the planned operation, seedlings have been submitted for around 4 months to

temporary waterlogging. Different water supply were apply following treatment “L”, “M” and
‘&'I_I”

L : control, standard water supply
M : partially flooded
H : completely flooded.

The control of the water table was control every day by checking the water level in an external
plastic tube.

In each water treatment, 3 levels of NPK fertilizer were apply :

NO : no fertilizer
N1 :35gof 12/12/1 7/@1’1( per tree and twice a months during 2 months
N2 : 3 x 35 of 12/12/17/2 + TE NPK per tree and twice a months during 2 months

In addition , before starting experiment 1 liter of a solution of a 2% of Dithane M45 have been
put in cach pot to avoid pest infestation,

Following measurements have been realized :
Leaf gas exchange :

* Photosynthesis : with the LCA4. At the end of the total treatment, on the leaf n° 4 and on 10
leaflets with 2 repetitions.

- A total of 20 x 45 measurements.

* Stomatal conductance : with the steady state porometer 1600 of TI-Cor, with the same design
than for photosynthesis.

- A total of 20 x 45 measurcments.

Leaf Area :

- with the Taillicz et al. (1992) method : for cach tree, 3 leaves were sampled (see list below) and
measured, and after dried.

HNI1 :

2;9,11 HN25:1;9;11 MNO5:2;9;12 LNO1: 2;10; 14
HNI2:2;9;12 HNO1:3;9,10 MNII1:2;9;11 LNO2:3;9; 12
HNI13:2;9;, 11 HNO02:2;9;12 MNI12:2;9; 12 LNO3:2;9; 12
HN14:2;9;,11 HNO03:2,9;12 MNI13:2;9;12 LNO4: 2;8; 13
HN15:2;9;12 HNO04:2;9;11 MNI14:2;9;12 LNO5: 2;8; 13



HN21 :

1
1
8 MNO3 : 2;9; 12
12 MNO4 :2;9;11
12 LN21:2:9; 12

HN24 :

2, 9;
1 28
HN23 : 2; 6;
%9
LNI15:2;9;1

* Leaf nitrogen content

S A R s e
(] e Qe lJu'iL ;

1 MNO1:2;9;12 MNI15:2;9;12
2 MNO02:2;9;11 MN21:2;9;12

MN22:2;9;11
MN23:2;9; 12
LN22:2;8;12

LN11:2:8:.13

LN12:2;9;12

INI3:2:9 12
LN14:1;9; 14
LNZ25:2:9: 12
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Fig. 2. Effect of the watrlogging on fertilizer efficiency

* Biomass

- Above ground biomass : all leaflets of all leaves , petioles and rachis for all the trees have been
collected and dry (leaflets : 12 hours, 85 °C,; petioles and rachis : 48 °C, 85 °C). Each collet have
been isolated from petioles bases and roots and dry during more than 3 days. Every part have been
weighed preciscly.

- Below ground biomass : roots have been completed collected by washing the total pot pack
upper a sieve, and dry during more than two days at 85 °C and separated into only two categories
(the primary roots in one category and the the II, 11l and IV in another one) due to time
constrainst and lack of human ressources.

- Petioles diameter and rachis lenght were measured for all trecs and all leaves.

* Individual Foliage Density using the PCA 2000 LAI (Li-Cor)

The evaluation of the LAI of individual tree bring to conceptual problem and the general
methodology which was apply for 6 years old planting palms (Lamade & Setiyo, 1996) cannot
be used in the same way for discontinued canopy (given by a group of young planting palms for
example). For this rcason and following the advices of the Li-Cor notebook other methodology
was tested !

Only one data logger was used with one A reading and 8 B readings for each tree, with
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a view cap of 45 °. All measurements were done with the sensor, for the B readings, oriented from
the trunk towards outside. For each tree, the distance vector has been measured (half of the
diameter). The LAI, when the distance vector is fixed is becoming the foliage density; At the same
time the individual plant canopy volume was also determinate for cach tree by using coordinates
(6 to 10 for each palm) and the procedure “Canopy Model” of the software C2000.

The best accurency (“calibration”) has to be found between an indirect method using the
PCA 2000 in a simple way and what can be obtained from the evaluation of the total leaf area of -
each canopy.

Example of file :

Without option on distance vector :

File Date Time BIBIT LAI SEL DIFN MTA SEM SMP
5 13 Aug = 8:23:16 HNO4 092 _ 0.28 0.000 0 i1 8

ANGLES: 7.000 23.00 38.00 53.00 68.00
CNTCT : 7991 7.340 4.044 3.123 2.671
STDDEV: 7991 17.340 4.044 3.123 2.671

DISTS : 1.008 1.087 1.270 1.662 2.670
GAPS : - 0.0 0.0 0.0 0.0 0.0
A 1 08:23:37 2.823 5502 6.019 6481 7.849
B 2 08:24:04 0.873 1.646 2.198  1.365 1.044
B 3 08:24:12 0.883 1.288 4.059  6.947 5.423
B 4 08:24:23 2.381 7.762 17.06 20.81 11.10
B 5 08:24:36 2.350 3.831 1330 24381 15.85
B 6 08:24:46 1.574 2.751 6.124 13.38 9.584
B 7 08:24:55 0.887 2.495 4392 5.600 1.881
B 8 082503 0.487 1.458 1.319  1.210 1.037
B 9 082512 0.439 0.648 0.904 1.004 2.161

With option on the distance vector :

FILE DATE TIME BIBIT BIBIT LAl SEL DIFN MTA SEM SMP
6 13 AUG 08:27:07 HNO4 HNO4 141 044 0.428 51 2 8

ANGLES 7.000 23.00 38.00 53.00 68.00
CNTCT 0.852 0.799 0.666 0.700 0.682
STDDEV 0.551 0.598 0.705 0.846 0.623
DISTS 1.192 1.192 1.192 1.192 1.192
GAPS 0.363 0.387 0.453 0.435 0.444
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A 1 08:27:25 2694 5377 6.533 6.935 7.929

B 2 08:27:49 2904 7.013 1445 2431 10.10

B3 08:28:03 1.779 3.955 5472 13.78 14.10
B4 08:28:11 0.869 2.143 7.018 7.668 2.059
B5 08:28:21 0.639 1.349 1.549 1.306 1.069
B6 08:28:28 0560 0.767 1.043 1.519 4.209
B7 08:28:38 0370 0.719 0.756 0.395 1.543
B 8 08:28:49 0.742 2.665 3.126 3.759 3.305
B9 08:29:03 2019 3.832 8.183 12.59 8.259

From that base what can be done ?7

- with the file 5 use the Canopy Model (Individual) , enter 6 coordinate (assuming that the palm
is like a cylinder), compute with the Standard Option which remove the bad B readings
automatically and get new distant vector again with a new value of the foliage density to compare
with direct measurements. There is no need to remove ring...(personal point of vue);

- Comparison with the option on distant vector on file 6.

3. Identification of stomatal limitation and non-limitation
of the photosynthesis in relation with factors as soil
moisture, VPD, night temperature and assimilats.

Only two days of fully observations have been done with a complet set of physiological
observations as :

- leaf photosynthesis with the LCA4 (ADC, GB)

- Leaf stomatal conductance with the steady state porometer II-Cor 1600 (I1-Cor, USA)
- Leaf respiration - close system- with the LCA2 (ADC, GB)

- Soil respiration - close system - with the LCA2 (ADC, GB)

- Rachis respiration - closc system - with the LCA2 (ADC, GB)

- Soil Water potential with the STM2150 Multiway Mercury Tensiometer (SDEC, Fr)
- Variation of the specific leaf area by sampling small limb discs

Other parameter as the night temperature (in fact we are only interested by the minima) can be
collected from Marihat Meteo Station.

The main constraint during that year was to get a fully sunny day or nearby : that was quite
impossible during last months. It is the reason why this experiment has to be undertaken during
more drier period which can be really sometimes impredictable in North Sumatra.
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In a practical way what was important to notice ?
That the system of the STM2150 Multiway Mercury Tensiometer is easy to install quite quickly

(around two hours to get equilibrium of the mercury in the plastic tubes) and is quite sensitive to
get variation along the day.

Technical aspect

Multiway Tensiometer system with Mercury STM 2150 (SDEC
France)

Introduction -

This system is functionning on the same base as the mercury manometer and presents avantages
to be very precise in the measurement. It is used to measure the soil water potential. The principle
is to measure a depression in a air close system from a transfert of the water thorough a porous
ceramic. This one is connected to a PVC tube, both full of water and in relation throught a
capillary tube to a mercury tank. Several cases may be bring out :

1. The soil is saturated : there is no water flux between the porous ceramic and the soil and as a
consequence no depression in the whole system, the mercury is not going up the capillary tube.

2. The soil is under water stress : the soil, in that case, is “pumping” the water from the ceramic
and a depression occurs in the system and the mercury will go up in the capillary tube.

More the mercury will go high, more the soil will be under water shortage.

A great precision in the measurement can be obtained from the dircet reading in millibar on the
rod.

A. Procedure for field installation

a. Preparation of the tensiometric stick

For all experiment, it is preferable to use water released from gas : this one can be obtained from
boiling the water during 10 minutes,

'SDEC France 19, rue Edouard Vaillant 37 000 Tours (France) tel : 147 92 22 00,
Fax 147 92 86 16.
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- A. The porous ceramic has to be put in the water during around 8 hours. Be carrefull
that the water level is always over the ceramic.

- B. Take out the porous ceramic from the water, fill completly the PVC tube with water
and wait during 30' that a part of the water is coming out.

-C. Fill again completly the PVC tube with water and put the stick in the water again.
Then pull the piston, which is before introduced in the top of the stick, to inverse the water flow
thorought the ceramic. The water will “boiled” inside the PVC tube.

-D. The tensiometric stick at that time is in stand-by and may stay several months like that
in the water before being put in the field.

IMPORTANT :

The porous ceramic presents extremely small pores (3 pm < pores < 6 pm). These one may
be cloged up very quickly by the contact with a fat thing (especially fingers) : it that case
the performance of the ceramic will be dramatically decreased, It is strongly reccommended
to don’t old the tensiometer by the porous ceramic side.

b. Drilling for the field installation of the sticks

The holes for the sticks have to done with the maximum of precision to avoid run-off between the
ground and the stick. The maximum diameter size for the auger will not exceed 21.5 mm.,

c. The size of the capillary tubes and the installation of the tensiometer in the soil

These will not exceed 10 m to avoid gas accumulation in the system. The capillary tube as to go
until the bottom of the porous ceramic. It is reccommended to introduce with the PVC sticks in
the hole some mud to steady contact between the soil and the sticks.

Before starting, all sticks have to be completly filled with water and the pressure syringe will be
used to push the water and the air out of the system. The level of mercury will be ajusted by

moving the bottle of mercury along the rod to get A (lenght between the level of mercury in the
bottle and the zero of the rod equal to :

Y/ 12.6 cm , where Y is the distance between the level of mercury in the bottle and the soil
surface (see figure).

After, very precise reading will be done directly looking the scale of the rod in mbar (negative)

Some theoretical points :

§ is the high of the mercury in the manometer (expressed in cm) and Y, the distance between the level of the mercury
of the bottle and the surface of the soil. At the level of the interface mercury/water in the manometer, the pressure PA
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is the same in the watcr and in the mercury. Pressure will be spread hydrostaticaly in all the colonnc:

(1) PE =PA + ptog ({ + Y +7Z) where p@ is the volumic mass of the walcr.

Between A and B : (2) PB =PA +pllg g¢ where plg is the mercury volumic mass.

We get also : PA = PO (atm) and from (1) and (2) it is possible to get

PE=@0- pllgg®)+phg ({ +Y +7) wilth Pw the pressure of the waler in the soil at the level of the porous ceramic.
By convention, this value will be caracterized by b defined as follow :

h = (Pw- PO)/ ( pg)

If we supposc that the water pressure between the interior and the exterior of (he porous ceramic is in cquilibrium, then
p="PL and we get :

h.pog+PO=PO-g( (pHg- p®) + plog (Y +Z) with :
pHg=13.6 g/cm3, p =1 g/cm3
h=126C+Y+Zorll=h-7

and H=126C+Y

For example if the tensiometer is depth Z = 50 cm, the scale indicates a charge H = - 450 m bar,
the effective pressure at ti¢ level of the tensiometer will be h = - 400 mbar.

4. Estimation of the photosynthesis and the canopy
conductance in relation with the seasonnal evolution of
the soil water balance in North Sumatra.

In relation with an important work undertaken for the elaboration of a water balance model
(thesis), leaf gas exchange measurements have been done on the clone MKG0 in way (o asscs
canopy photosynthesis and the all canopy conductance and this all during a season. Following
what was done in Ivory Coast by Dufréne leaf level 7/9/10 , 16/17/18 and 24/25/26 were
investigated with the LCA4 and 1I-Cor 1600 steady state porometer.

For the stomatal conductance only 10 leaflets have been cutted from in situ lcaves at each studicd
level (it has been noticed that after cutting, the lcaflet staying in the shade, there is no significant
cffect of the cutting during at least 5 minutes) and five points along the limb have been measured
in way to get the mean value of all the limb.

Photosynthesis measurements have been done at the top of an aluminium tower (3 m height) more
specially (due to the difficulty to work on it) on leaf 17, considering five leaflets per leaf and five
points per leaflets. Measurements have been done once monthly. All results will be related with
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other parameter as the soil water potential (mbars), the soil volumic humidity (%), the leaf water
content, the rainfall and the potential evapotranspiration (mm.day-1).

From these observations, a model of stomatal conductance may be elaborated. Already some good

interelation between the stomatal conductance and the leaf photosynthesis have been pointed (fig.
2).

50

a0 4 Clone MK22. &

Fig. 2. Relation between Net
Photosynthesis and stomatal
conductance at saturated light.

Net Photosynthesis pmol.m-2.s-1

-10 e S S —
0 10 20 30 40 50 60 70
stomatal conductance mm.s-1

This may be represent a first step to derive a link between a carbon balance model and a water
balance one at the plant scale.

PHENOLOGY

The observations routines already started in march 94 on both families “La M¢é” and “Local BJ”
have been maintained all along this year (see below one file sample).
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To process data 3 years observations (a minimum) are required. From CIRAD-CP
reccomendations (Tailliez, passation de service, CIRAD-CP, 1992) for the set of observations
done in Lamé during 6 years , following parameters may be calculated :

G T W ot | i LSRR ol N 1ok i il
S
.50 _[No.Palm:155/5
51 |NLEAF DEMISS |DRANK1|DCUT _|LPET __|LRAC _[SEX  |DFLOW |DHARVE|WINFLO
T2 45(26/04/94 | 13/06/94 | 01/05/96 139 630|M 2300195 Ul i
N 46 05/05/94 | 30/06/94 | 25/10/95 130 625|M 13/02/95| /I i
L 47 05/05/94 | 21/07/94 M 2702195 /I ]
{55 48 24/05/94 | 11/08/94 | 14/08/96 120 670|M 14/03/95| il i
“s 49 13/06/94 | 25/08/94 | 22/05/96 120 680 M 3103/95| 7 i
et 50 | 20/06/94 | 01/09/94 | 01/05/96 138 610|F 21/04/85|__Rot
.58 57| 30/06/94 | 12/09/94 | 12/06/96 135 650|F 05/05/95 | 25/10/95 | 25000
N 52]21/07/94 | 26/09/94 | 10/07/96 150 670(M 23/05/95] 71 il
) 53] 15/08/94 | 06/10/94 M 30/05/95| Ui il
8 5425/08/94 | 25/10/94 M 20/06/95| # //
82 551 22/11/94| 07/08/36 120 628|M 04107195 /I i
N 56/ 29/11/94]14/08/96| 120 630|M 21007195 i ]
L5 5710 08/12/94 | 22/05/36 125 675|M 18/08/95| /I 1
Tes 58|/ 26/12/94 | 05/06/36 135 679|M 25/08/95| /i ]
.88, 59| 29/10/94 | 09/01/95 | 12/06/96 130 635|M 08/09/95| /I i
a7 60| 07/11/94 | 26/01/95 | 10/07/96 155 680 | M 22/09/95| 71 i
Tieg 61]22/11/94 | 02/02/95 M 0310/95| /I 1l
Ty 62 29/11/94 | 23/02/135 F 14/11/35 | 22/05/96 | 20000
" 63 08/12/94 | 17/03/95 | 07/08/96 145 630|F 30/11/95 | 05/06/96 | 22000
19y 64 | 26/12/94 | 28/03/95 | 14/08/96 145 650 | F 15/12/95 | 12/06/96 | 35000
G 65 09/01/95 | 18/04/95 | 10/07/96 157 700|F 05/01/96 [ 10/07/96 | 28000
ke 66 26/01/95 | 23/05/95 M 05/01/96| __#f ]
N 67| 02/02/95 | 05/06/95. M___ -[23001/96] /i i
V75, 68 23/02/95 | 16/06/95 F 12/02/96 | 07/08/96 | 27000
76 69| 17/03/95 | 04/07/95 F 08/03/96 | 14/08/96 |__ 38000
. 70| 28/03/95 | 01/08/95 A Il Il il
" 71| 18/04/95 | 18/08/95 M 19/03/96| I i
18 72 23/05/95 | 08/09/95 M 01/04/96| 7 1l
a0’ 73] 05/06/95 | 26/09/95 M 18/04/96| /i i
N 74| 16/06/95 | 03/10/95 F 29/04/36
® 75| 04/07/95 | 20/10/95 F 31/05/96
T 76 08/09/95 | 03/11/95 M 04/06/96| 7 1
vee 771120091951 17/11/95 o T D R S
o 78] 26/09/9% | 26111795 M 25007196 | I
o 79[ 03/10/95 | 04/12/95 M i i
o 80| 20/10/95 | 19/12/95 M 23/08/96 | 4 [}
"o 81]03/11/95 | 09/01/96

8 82| 17/11/95 | 19/01/96

) 83| 26/11/95 | 30/01/96
e 84 | 04/12/9% | 08/02/96
LR ____85119112/9% | 15/02/96
e 86 | 09/01/96 | 11/03/96
T 87| 19/01/96 | 11/04/36
Te 88| 30/01/96 | 25/04/96

96

* At the level of each leaf:

- variation of the period between the spear leaf and rank n° 1
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- variation of the period between Rank 1 and the anthesis of the corresponding inflorescence
- variation of the period between the rank 1 and the harvesting
- variation of the period between the rank 1 and the cutting of the leaf

* At the rank level :

- number of spear leaf when leaf n° N is rank 1

- rank of the leaf n° N during anthesis of the corresponding inflorescence
- rank of the leaf N when harvesting
- rank of the leaf N when cutting

Remarks :

The main constrainst of these observations routines is finally to enter new observations in the

computer file which normally is an easy job. Routines to entering data in the computer file have
to be done every week , on Friday for example.

CARBON BALANCE MODEL and

SIMPALM software

A first test of the Dufréne model has been derived on two adult families with the meteorological
conditions of the Marihat Research Station with an important set of parameters. Results can be
seen with what was presented for PIPOC 96 (see below)

Test of the Dufréne’s production model on two contrasting families of oil
palm in North Sumatra”.

Lamade, E.* and LE. Setiyo

* CIRAD-CP, Agronomy Department, Montpellier, BP 34 032 Montpellier Cedex 1, France.
**]OPRI, jalan Brigjen Katamso 51, PO box 1103, Medan, Indonesia.

Abstract
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A simulation modcl of production have been established by Dufréne (1990) on the control family L2T x D10D in Ivory
Coast conditions. The results of the simulation in the african ccological cnvironment shows a high compatibility with
the obscrvations in the ficld when the oil palm arc in potential conditions without water or nutricnt constraint. It was
highlighted that a lack of radiation may be at the origin'of the relative low yicld obscrved in Africa. To test the validity
of this model in indonesian conditions, a large sct of paramecters (at lcast 14 with both physiological parameters such
as thc maximal photosynthesis, the quantum yicld, or biometrical onc such as the leaf arca, the number of lcaves per
crown, the specific leaf weight, the trunk height, the root biomass and so one ) have been studied on two contrasting
familics (onc belonging genctically to the Lamé origin, the other to a local matcerial). At the same time, a precise
recording of daily radiation was undertaken o et an appropriate “meteo input file™ for the model. A first comparaison
between both situation “1amé” and “Marihat* taking, into account only the difference of sadintion (around 2 MJ.dny!
more for indonesian conditions) shows a “theorctical™ increase of annual photosynthetic assimilates of 4%, a general
decrease of respiration cost of 2% due to lower daily temperatures-in Marihat, an increase of 18 % of the annual
production of the dry matter at the plantation lcvel -and an important increase of FFB (fresh bunches) of around 80 %
(from 18 tFFB.ha™ to 30 (FFB.ha™ ). The test of the model on the-two families with an “indonesian meteo file” based
on theirs respective biometrical and physiological pattcrns shows diflerences in their respective yield, giving an
advantage of ncar 5 t of FI'B for the “Lam¢” group (theoretical production : 40.1 (FFB.ha™ ) compared 1o the local
matcrial, “Local BJ” (35.8 t°'FB.ha" ). This is duc essentially to a higher maintenance respiration cost for “Local BJ”,
The observed yield was around 24 t FI'B for the Lam¢ group and 17 (FFB for the local material. This difference
betwecen cstimations and the obscrvations in the ficld may be duc to a lack of photosynthetic assimilates consequence
of pest damage to foliage and/or ncgative cflcct on root system due to frequent temporary flooding.

Introduction

A priliminary carbon balance model has been emission, sexualisation, anthcsis, bunch harvesting)
established by Dufréne (1989; ct al.,1990) on oil palm, have been following weekly. The intereepted light by
especially on the control family of CIRAD * 1.27T x the respective canopy of both familics has been
D10D “. Belonging to the “de Wit™ nederland school measured during several days. Finally, the new
(de Wit ct al., 1978, 1982), it is a dclcrminist onc, packapc of paramclers was ftested with a C++
iterative and runs with an input meteorological filc computing intcracting version “SIMPALM “ (Bonnot,
composed by daily recording of radiation and 1995) of the Dufrénc ‘s model. The results of both
temperaturc. This model is bascd on physiological simulation in Lamé (Ivory Coast) and in Marihat
paramelers as the maximum photosynthetic rate, the (Indoncsia) will be compared in a way to, first, test the
apparent quantum Yyield or optical propertics of lcaves hypothesis of a radiation constraint in Africa and
as tic extinction coeflicient, K, and biometrical trends second, to identify possible cnvironmental constrainst
as annual growth rate of organs and standing biomass. factors in North Sumatra.

All parameters have been mcasured, in situ, in La M¢ .

(Ivory Coast) and the final results of the simulation fit Matericl and methods

well with the potential  expected  yicld in this

agroceologioal zone. The model is functionning * Physical environment

without nutricnt and waltcr constrainst : it is belonging The study was conducted in Marihat Rescarch Station
to the first level of production in sense of de Wit at al. (Balai Penclitian Marihat, 2°55' E, altitude 369 m,
(1982). Thc daily gain of carbon, throught the North Sumatra, Indoncsia) in a genctic trial situated at
photosynthesis is used to cover the respiration and the Aundarasi (I"I'P VII, Afdeling 1T1) near the Station,
vegetative growth needs. At the end ol the year, the Mectcorological daily recording in Marihat from 1972
remaining carbon, theoretically located in a “reserve allow to characterize local conditions. The total annual
pool” is allocated to the bunches (Fig. 1) . To cxtend sunshinc duration is 2087 hours (average 1984-1995),
the scope of this model in different ceological region, the mcan annual rainfall is 2890 mm (average 1972-
cspecially in North Sumatra (Indoncsia), an important 1994) and the annual mean temperature is 24.7 °C
physiological study has been undertaken on two adult (mean maxima : 29.8 °C; mean minima : 20°C). Over
familics during two years at (he Marihat Research the same period (1972-1994), the mean relative
Station, conlcning both biometrical and physiological humidity recording three time a day, at 7h, 13h and 18h
features of the studied material. A precise daily is respectively 92.9%, 68.3 % and 84%. The global
radiation rccording has been realized during all 1994 radiation has been estimated (over a period from 1972-
and uscd to claboratc an appropriate input mcteo file. 1994) from hourly visible radiation recording (with a
For ench family, n set of 24 trees was selected and their quantum sensor Li-Cor, type Li-190 SA) is cqual to
total phenological devclopment (rhythm of leal 16.24 Ml.m?.day” (Lamade ¢t al. 1996). In 1994, at
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Marihat. the global daily radiation varied from 12.1
MJ.m2day" in october to 18.6 MJ.ni?.day' in July
with an annual mean cqual to 15.1 MJm?.day" .On
figurc 2, it has been plotted the daily variation of S
(global radiation) and the mecan daily tempcrature
during onc year (1994) : these values will be used for
the input metco file for the modcl. On the same figurc
we have plotied also, in way to compare with Ivory
Coast. the daily recording with the global radiation and
the temperature used as an input file in the model to
makc running it in Alvican conditions. The global
radiation cstimated in North Sumatra put this
agroccological zone in middle comparing with what
was obscrved in Ivory Coast (Dufréne ct al. 1990) with
an annual mean of 14.2 MJl.m?*.day"' and in Malaysia
(19.6 Ml.m2day').

* Malcrial

An important phcnological and biometrical study was
donc on two contrasting familics (“Lamé” : block
MAOO7S, cross n° 4, DAI8D sclf x LM7T self;
“Lamé” : block MAOOSS , cross n° 8 ,.BJ13D self x
BI21P, “Local BJ") with 24 trces per family
(composed by two plots of 12 trees for cach). The
planting density is around 128-130 trees/ha and the
year of planting is 1986. On Table 1 it is possible to
sce theirs vegetative and reproductive characteristics
during 94/95.

* Mcthods

On Dufréne ¢t al. (1990) a list of 24 variables is given
to test the modcl. This list evolves both physiological
paramcters and cnvironmental onc. This list of
variables is given  on Annex 1 and we  have
highlighted those that were cflectively measured in
Marihat on both studicd familics.

1. Canopy assimilation and light intcreeption
- Photosynthcesis

Daily photosynthesis was mcasured during sunshine
hours from 8.30 h to 18h with an analyser IRGA
portablec from ADC (I.CA2) and a lecal chamber
(PLCN) following the methodology already used by the
autors on other matcrial (I.amadce and Sctiyo, 1996a)
with the difference that all cquipment and observers
were put at the top of a 6 m heigh aluminium tower due
to the height of the trees (trunk height : morce than 4 m).
All measurements were conducted on the lcaf n° 17
supposcd to be representative of the all canopy and
morc specially on leaflets around the BB point.

‘The photosynthesis responsc to the light can be ajusted
following Dufrénc and Saugicr (1993) according to an
cquilateral hyperbola :

A = (a. To Ainf) / (a lo + Ainl)

where a is the apparent quantum yicld (mol.mol™), To
the PAR received by the leaf (pmol.m?.s') and Ainf
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the photosynthesis for infinite radiation (pmol.m™s™).

2- Light interception

To get values for the respective extinction coefficient
of both families, we have used the simple model of
Monsi and Sacki (1953) :

dR=KIdF

where a small canopy part with a LAI equal to dF is
absorbing an amont of radiation dR, proportionnal to
the incident radiation 1. “ K” is the extinction
cocfhicient mostly rclated to the optical and the
direction of the leaves. A quantum scosor (SLAM) was
put at the top of onc tree to measure the incident PAR
(400-700 nm) at the top of the canopy, and 6 others
quantum scnsors were placed cach one in a triangle,
part of the lozenge made by a central tree and its 6
neighbours. Each triangle is sub-divided in 9 small

- triangles. During one hour, each sensor is moving

throught the 9 triangles. All sensors arc connected to a
data logger (Delta T devices , Delta-T devices LTD,
128 Low Road, Burwell, Cambridge CB5 OE],
England), recording output sensors ‘ signal every
minute. Measurements were done from 10 hto 15 h
(local time).

3-LAI

The lcaf arca index of cach material have been
estimatced with two different methods. The first onc is
the “direct method” where the lcaf arca is measured on
representative samples following Taillicz et al. (1992)
and the second, the “indirect method” where the Plant
Canopy Analyscr (I.AI-2000 of Li-Cor) is uscd. Both
mecthods are described in Lamade and Sctiyo (1996b)
: they give similar results.

‘The canopy assimilation is calculated from (1) and (2)

A = (Ainf/K) LN((a K o + Ainf) / (A K lo e-kLAI +
Ainf)) in pmol.m™.s™.

4- Biomass and growth

Leaves

For 16 trees per family, lcaves (rank 17 and 33) have
been collected and several measurements have been
donc to get valuable cstimation of their total dry
weight. Iiach leaf is divided in 10 cqual segments from
C to A.These segments are measured (volume), dried
and weighed to determine the rachis density. Petioles
were dried and weighed so. One leaflet per segment
was collected, mcasured dried and weighed to
determine the specific lcaf weight.

Roots

The roots sampling has been done among 7 trees per
family with two replicates and 6 lines between trees
have been exploted with 3 holes per line. In each hole
the soil sampling have been done with a ducht auger
cvery 15 cm until 1.05 m. Samples were first washed
up a sicve of 1 mm and roots collected after a first soft



drying of the residucs. Roots were drying (85°C during
24 h) and scparated into 3 catcgories (primary,
sccondary and fertiary , quaternary roots toghether).
Trunks

On the same trees already concerned by leaves
sampling, trunks diameter have been measured (at 1.30
m height) at two opposite sides after removing the basce
of the petioles. The trunk height was measured [rom
the base to the leal n® 33.

5- Phenology

Precisc obscrvations (twice a week) have started in
1994 on 24 trces per family concerning the above
ground organogenesis and development (in particular
the leaf emission rytmth, the datc of the rank one, the
inflorcscence anthesis, the harvest of the bunch) to et
information about scxualisation and growth.

Results

The extinction cocflicient and the LAI (Table2) -
The respective mean radiation cocllicients ovor two
days (including more than 200 recordings) for the
“Lamé” family has been calculated cqual to 0.46 (+or-
0.065,n=362 * 6) and 0.39 (+or- 0.049, n =100 * 6)
for the “Local BJ” family for a respective LAI of 4.4
and 7.31 (in junc 1994). Thesce values are much higher
that thosc alrcady found by Squirc (1984) in Malaysia
(0.31) or by Gerritsma (1988) in Papua New Guinca
(0.33). They tend ta be more similar with Dufrénc ct
al. (1990) in Ivory Coast (0.4). In our cxperiment, the
mecan pereentage of transmitted light under the “Lamé”
canopy was 14.1 (for- 0.069) and only 6 (++or- 0.023)
under the “Local BJ” canopy. It is possible to notice
alrcady a big difference between both studicd canopics
concerning the light transmition and extinction.

The photosynthesis (Table 2)

Taking into account the big dispertion of the points in
the photosynthesis response to the light, Ainf for both
familics has been determined by cestimating  the
asymptotc of the curve “photosynthesis-stomatal
conductance * at saturated light in reference at Lamade
ctal. (1996) (Fig. 3). Amnf for the “Lam¢” family has
been estimated equal to 30.9 (confidence interval at 5
% :25.7,36.) and 20.4 (22.1; 30.7) for the “Marihat™.
The respective apparent quantum yicld was cstimated
by the calculation of the slope of the cquation 1/NP =
1/PAR A + B for the points under low radiation (130
pmolm?s™). They were found cqual to 0.054
mol.mol" for “Lam¢” and 0.058 mol.mol-1 for “Local
BJ”, highter than for L2T x DIOD (0.053) in Ivory
Coast (Duféne ct al., 1993).

The standing biomass

The vegetative dry matter content (above  and
belowground parts) of both studicd familics is given
on Table 3 at the same time with what was obtained by

Dufréne (1989) in Ivory Coast.
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The above ground biomass of the two familics are very
different with 46.7 (,, ha™* for “Lam¢” and 83.7 t,, ha™
for “Local BJ”. This result pointed out the genctic effect
on the acrial parts. The above ground biomass of
“Local BJ” is higher than Gray (1969) obscrved in
Malaysia. For that casc it is possible to notice that the
petiole biomass makes the a big part of the difference
(21.6 % of the total biomass for “Local 3J” against
12.3 % only in Ivory Coast).Similar results may be
found in Tlenson (1993) who measured a total frond
bases biomass of 11.7 t,, ha™ in Malaysia. The lcaf
cmission ratc measurcd during 1994 on both familics
highlightcd again significant diflcrence  between
“Lam¢” and “Local BJ” with respective valucs of 23.9
lcaves per year (+or- 2.97) and 29.5 leaves per ycar
(+or- 1.69). The “Local BJ” present a higher rate than
what was alrcady obscerved in Malaysia (23 leaves/ycar
for Gray ,1969). The arca and the biomass of the
leaves are higher compared to the observation in Ivory
Coast (12T x DI0D : 4.95 ,_ ha™) with 6.25 1, ha'
for “Lamé” and 10.69 t, ha™' for “Local BJ”.

The specilic leal biomass measured for “Lamé” (136.9
gm?, +or-29.7) and for “Local BJ” (140.5 g m?, + or-
22.2) arc much higher than for L2T x D10D in Ivory
Coast (only 106 g m?)

The important trunk biomass of “Local BJ” with 39.30
1, ha is the result of both a higher vertical growth rate
(0.54 m ycar-1) and a bigger trunk diamecter (70.3 cm
+or- 7.44) compared to “Lam¢” which presented even
a lower vertical growth rate (0.34 m ycar-1) that L2T
x D10D in Ivory Coast {0.48 m ycar-1).

The study of the roots biomass ccrtainly contributed to
a better understanding of the carbon allocation in
Indonesian conditions. Very poor roots biomass have
been measured for both familics (“Lamé™ : 14,12
ha™ ; “Local BJ” : 9.7 t,, ha') compared with L2T x
10D in Ivory Coast (31.5 ,,, ha™). If; in Ivory Coast,
roots are an important sink (43% of the total biomass),
the samc is not obscrved in Indoncesia with only 23.2 %
for “Lam¢” and only 10.4 % for “Local BJ”. These
results may be put in relation with those of Henson
(1993) in Malaysia who cvaluated the roots system as
20 % of the total biomass.

The simulation

A first test has been done by changing only the meteo
input filc, keeping all the parameters valucs of Ivory
Cost. It can be scen (Table 4) that an incrcasc of 2
MJ.mr2.day” may conduct to an increase of bunch yicld
cqual to 80% and an increasc of the total dry maticr
production of 18 %. It can be also obscrve that, duc to
a lower daily mean temperature in North Sumatra
(24°C), in Marihat, comparcd to Ivory Coast (27°C),
the maintenance respiration rate of all vegelative
organs is lower of 16 % in North Sumatra.

A sceond test has been done on both studied familics
by entering measured values of input parameters in the
conditions of North Sumatra in the Dufréne’s model.



All the values of parameters are given in Table 2 with
a comparison with the Dufréne ‘onc (Dufréne et al,,
1990). For the simulation , the maintenance and the
growth respiration coefficients for each organs are
remaining the same than in Ivory Coast, also roots
turn-over and the allocation rules to the reproductive
and the vegetative parts. The results can be scen on
Table 4.The expecting potential yield is different for
both studied families. For “Lamé”, the theoretical
simulated FFFB will be 40.1 (FFB.ha™' when only 35.8
tFFB.ha' for the “Local BJ”. The reason of the
difference may be found essentially in the maintenance
respiration cost of the important above ground standing
biomass of “Local BJ” (consumption of 52.1 ty,.ha°
lyear! for only 36.9 ty,oha ydar for “Lamé”)
which is not compensated by the higher photosynthetic
assimilate production (131 tq,0-ha™ . year' against only
113.3  tgyohat.year' for “Lamé”). A difference
between the expecting simulation yield and what was
observed during 1994 in field may be pointed out. The
observed yield for “Lamé” in 1994 is 24 tFFB.ha™
whereas “Local BJ” produced only 17 tFFB.ha" . This
difference between the expecting and the observed
yield may be due to important pest damage already
pointed on these families or temporary flooding
frequently coming on this trial, especially on “Local
BJ”. The temporary flooding in that place may be an
explanation of the quite low roots biomass observation
: waterlogging induces soil hypoxia and leads to a big
decrease in the root biomass (Dreycr, 1994).

Conclusion

The test of the Dufréne ‘s model in North Sumatra
conditions on two contrasting families pointed out the
imporiance, as far as the test on L2T x D10D in Ivory
Cost is taken into account, of the carbon allocation at
the plant level and the cost of the maintenance
respiration of the acrial part. The measured radiation
in North Sumatra (16.2 MJ.m?.day™), compared with
those, lower observed in Ivory Cost (14.2 MJ.m™.day’
') is, of course, as it was highlighted by Dufréne et al.
(1990) a main factor to increasc yield dramatically
(+79 % for L2T x D10D under Marihat radiation).If
we compare with the simulation model, L2T x D10D,
“Lamé” (LM7T slf x DA128D slf) and “Local B)”
(BJ13D sif x BJ221P) under “north Sumatra
conditions” and at the same planting density, we sce
that “Lam¢” give a better yicld (40.1 1°FI3.ha™") that
both other cssentially duo to a lower maintcnance
respiration cost of the vegetative part (36.9 1g;0.ha”
'ycar" for Lamé against 40 for L2T x D10D and 52.1
for “Local BJ". In fact the main difference between
L2T x D10D and “Lamé” is with the roots standing
biomass (31.48 tdm.ha-1 for L2T x D10D and only

14.12 for “Lamé”). The yield of L2T x DIOD
simulated in North Sumatra, with 130 palm.ha-1 and
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with the same roots system of “Lamé” will be equal to
53.3 (FFB.ha". For “Local BJ”, the very important sink
of the acrial part maintenance give explanation a lower
theoretical yield (35.8 tFFB.ha™) under North Sumatra
conditions.

Still remain to found hypotheses about the difference
obscrved between the simulation results and what was
observed in the field. For “Local BJ”, it may be
obvious that the unusual and unpredictable disparity
between the acrial part and the roots system (root
/shoot equal to 0.23) may be responsable for some
physiological disfunctionning : The rate of male
inflorescence apparition in the crown of this family is
quite high and may indicated stress conditions. There
is also may be a lack of assimilate, in spite of a big LAI
value (7.31), due to the important shadc upon the
leaves in the lower part of the canopy (may be more
than 30 leaves : from leaf rank 17 to 49). For that case
an appropriate prunning could give visible yicld
improvment. Root system could be indirectly
increasing by the improvment of the water run-off and
drainage in the plot and by a severe control in apply
nitrogen fertilizer (an access may conduct to increase
aerial part towards the below part). For the “Lamé”
family, we think that cause may be found in the quite
poor sanitary conditions : some years a lot of pest
damage can be observed on trees. The “Lamé” family
doesn’t present an important canopy (less leaves may
be counted in the canopies than reccommended one)
and in that casc a restriction of LAI by pest could be an
important constrainst facto:"

Nevertheless, this test on Dufréne ‘s model in North
Sumatra conditions contribute clcarly to identify in this
simple yield simulation an adequate tool to predict
potential yield of different kind of genetic material,
taking into account physiological and biometrical
pattern of trees, and to highlight possible constrainst
factors (cropping practices) on the observed yield. The
actual C-++ version, “SIMPALM?”, is simple to usc for
non-specialist and may be apply in many conditions in
Indonesia. :
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Table 1. Vepetative and reproductive caraciceristics of the studied material. The data are coming {rom phenological
obscrvations during 1994/95. The ycar of planting is 1986, density : 130 palin.ha-1 with 24 studicd trees per family.
The “Local BI™ is the cross “BJ131) sclf x BJ21P” and “Lamé” is “LM7T self x DA18D sclf”. Standard errors are in
[l

Mean reproductive composition
of the crows

Block Cross  Abrev.  Yield Mcannb  Female Male Abortion
kg tree ! yr! ofbunch  pertrec  pertrec  per tree
per tree Mcan nb

MAOOSS & Local B) 131.8]43.3] 'S4(1.8] 93(34] 24[57] 5.5[3.5]
MAOOTS 4 Lamé  187.7[49.5]  99]3.3] 17.1169] 99[77] 5[4.4]

LAl T'runk height (m)
local B 7.31 4.28 10.49]
Lam¢ 4.4 2.76 [0.44]

Table 2. Standing, biomass (I caves. Trunk. Roots) of the two studied families “Lamé” (LM7T slf x DA128D slf) and
“Local BJ” (BJ13D sif x BJ221P).Comparisons with L2T x D10D in Ivory Cost (Dufréne, 1989).

LEAVES
organs I.caflets Petioles Rachis
12T .M 13J 1.2T 1M BJ 1.2T IM BJ

{y-ha’ 4.95 625 10.69 897 1093  20.14 6.05 8.3l 13.60
% dmtotal 6.8 103 114 123 179 216 83 136 146

TRUNK TOTAL ABOVIE GROUND
1.27T .M BBJ 1.2T LM BJ
t,,-ha’! 21.75 21.23  39.30 41.72 46.72 83.73
% dm total 29.6 349 42.1 57 76.8 89.6
ROOTS
I 11 HI+HV
1.2T .M 13) 121 LM BJ L2T LM 13J
{4n-ha’! 8.33 571 4.11 11.36 3.88 3.73 11.79 453 184
% dm total 114 94 4.4 15.5 64 4 16.1 744 2
TOTAL BELOW GROUND TOTAL BIOMASS
1.2T LM BJ L2T .M BJ
1;,-ha’ 31.48 14.12 9.69 732 60.84 9342
% dm total 43 23.2 10.4 100 100 100

with L.2T as “L2T x D10D™, LM as “ILM7T sclf x DA128D sclf”; BJ : BJ13D self x BJ221P.
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Tablc 2. List and valucs of the measured paramcters uscd to test the simulation model of Dulréne (1989) in Indoncsian
conditions, for both studiced [amilics “Lam¢” and “Local 13J”. Comparison with L2'T x D10D (Ivory Coast) : the values
of the parameters arc from Dufréne ct al. (1990) .

Parameters

12T xD10D

* Lam¢”

* Local 13J”

Ain{ (pmolm?s™) (1) 307 30.9 [25.7;36.2] 26.4 [22.1; 30.7]
a (mol.mol) (2) 0.053 0.055 0.058

K extinction coefficient 0.401 0.46 [0.065] 0.39 [0.049]
LN (lcaf number) 35 32 [5.6] 49 15.23]

LS (mcan lcaf arca) m? 9 10.6 [1.79] 11.48 [0.99]
SLB (specific leaf biom.) g.m? 106 136.9 [29.7] 140.5 [22.2]
LT (lcaf turn over) nb Lyr" 22 23.9 [2.97] 29.3 [1.69]
TRR (trunk radius) m 0.2 0.3210.4] 0.35[0.7]
TRH (trunk height) m 4.44 2.76 [0.44] 4.28 [0.49]
TRDS (trunk density) kgDM.m” 184 Not measurcd Not measurcd
PROOTS tdm.ha’ (3) 8.3 5.7 4.1
SROOTS tdm.ha'! (4) 11.4 39 3.7
ABSROOTS tdm.ha (5) 11.7 4.5 1.8
Density palm.ha™ 143 130 130

(1) : Photosynthesis when the radiation is infinite

(2) : apparcnt quantum yicld efficicncy

(3) : primary roots biomass
(4) : secondary roots biomass
(5) : absortive root biomass
[] :standard crror

Table 4. Results of the simulation on L2T x D10D (at two diffcrent planting densitics : 143 and 130 balms.ha"),
“Lam¢” and “Local BJ” under two metcorological conditions : Lamé (Ivory Coast) and Marihat (Indoncsia).

North Sumatra conditions

12T XD10D  “Lam¢” “Local BJ”

Ivory Coast conditions
L2T x D10D “Lamé” “Local BJ”

density 143 130 130 130 143 130 130 130
photosynthesis 110.6 1063 1133  131.1 1059 1019 108 125.5
(lvu'm-hn-l-)’r‘n

Total respiration 71.2 679 688 835 72.5 693 85
(teoha yr)

Maintenance 43.9 40 369  52.1 526 478 435 623
respiration (o 0-ha™.yr)

Growth respiration 10.6 9.6 10.7 124 10,6 9.6 105 125
(toyo-ha yr")

Inflorescence 16.6 183 213 19 9.2 11.5 153 102
Respiration ( g ,0.hat.yr?)

Dry matter production 394 385 445 477 334 329 392 405
(ty- o yrh)

Vegetative growth 257 234 269 32 25.7 234 265 32.1
(tgm-ha ™ yr™)

DW inflorescences tot 13.7 15.1 17.9 15.7 7.6 9.5 127 8.5
(tym-ha™yr™)
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DW Bunches 125 138 16 143 7. 8.7 116 7.7
(tg-ha yr) '

FFB Lha™yr! 313 345 401 358 17.4 216 289 193

Anncxce 1

List of variablc uscd in the modcl of Dufrénc (1989) and variables eflcctively measured in Marihat (*).

A . Assimilation rate

Ainf : Assimilation rate for an infinite PAR (*)
K : Canopy extinction coefficient (*)

LAI : Leaf Area Index (*)

a : Apparent quantum yield (*)

T°C : Temperature (*)

Rg : Global radiation (*)

PAR : Photosynthetically Active Radiation (*)
GR : Growth respiration

MR * : Maintcnance respiration -

LG : Leaf growth (¥)

TG : Trunk growth (*)

RG : Root growth (*)

LLB : Leaflet biomass (*)

PETB : Petiole biomass (*)

RCHB : Rachis biomass (*)

Bunches : Bunches Biomass (*)

LD : Leaf death

RD : Root death

MFD : male flower death

HARYV : bunch harvest

What is interesting to do is to test the model on clones (MK 10, MK22, M04) performances. For
this reason, that year, some parameters acquisition have been completed as the extinction

coefficient and the roots biomass on clonal material, following methodologies already described
in lastest progress report.

RESPIRATION

- SOIL -

With the general aim to get an estimation of the carbon allocation to the roots from soil
respiration measurements, a set of measurements have been completed for clonal material during
the night. From these measurements and the previous one it is possible to get roots respiration,
annual turn over and root biomass. The method of calculation following the principle of Raich and
Nadelhoffer (1989) is well explained is the paper “Estimation of carbon allocation to the roots
from soil respiration measurements of oil palm” by Lamade et al. (1996) (Annexe).
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PENAWARAN

Quotation
Kepada Yth,
Tanggal : 12 Oktober 1996 Ms. Emmanuclle Lamade (CIRAD)
Date Pusat Penclitian Marihat
Jakarta
Wamos | 1589/AGS/MBT/JKT/X/96  ccoesmreereeeeee
Our Ref

Muomenuli permintaan, dengan ini kami tawarkan
For response to your inquiry, we cquote the following

1. Proyek . PUSAT PENELITIAN MARIHAT

Project

3. M Alal Peralatan Laboratorium CIMIEL

Equipment

Terlampir
3. Harga Penawaran

Price of Quotation

4. Jumlah Item , Ferlompiy

Total items - T
12 - 10 wingpu selelah diterimanya

5. Penyerahan . pesanan dan vang muka
Delivery Time
6. Prangko/Loko : Jakarta

Place of Dalivary

Uang muka pesanan'30%, pelunasan

7. Pembayaran 70% pada saat penyerahan barang

Payment

8. Maga borlaku

Sampai dengan tanggal 30 Nopember 1996
Validity '

9. Jaminan PurnaJual 6 bulan se¢jak barang diterima
After Sales Service

Rekomendasi dan dukungan toknis, atns barang Rocomondation and tochnical support of the g
yang kami tawarkan, akan kami susulkan bila : quoted will be sent Jater, if required.
diperlukan.

) Waiting your further news, we thank you for
Demikionlab panawaran ini, kami tunggu kabar cooprration
lebih lanjut, atag kerja aama ini disampaikan
terima kasih.

o\
F/D1AR0/AGS/RI0/PLM.70 DirekturPemasgurun

PT. MBT UTAMA

). Musi No. 40D Jakarta 10150 INDONLESIA - Phona (021)-3047257-362322-364994- 3805006,
Fax. 62-21-364956,  Telox, 45062 MDT JKT IA,  Mall P.O Dow 4606 Jakarte 10001



Chap . 2 Purchase of equipement

General justification

Physiological investigations on oil palm have been since the end of 1993 developped in Marihat
Research Station and now, several improvements must be acheived to keep on progress. The first
very important equipment to purchase is a complete meteorological station, For modelling several
parameters as the global radiation, the VPD, the temperature are absolultly needed. It is the

reason why Marihat must be equiped with adequate automatic meteo Station and also a
Physiology Laboratory.

METEO

ENERCO STATION 407 AK

from CIMEL ELECTRONIQUE , 5 Cité de Phalsbourg, 75 011 PARIS, tel (1) 43 48 79 33.

Representant in Jakarta : MBT, PT Mektan Babakan Tujuh Utama, Jalan Musi n° 40 D Jakarta
10150 Indonesia (see behind). Phone (62 021) 3805086 - 3847257 - 3812774 - 3812322
fax (62-021) 38 13356 - 3504962 - 3440343.

Central Unit ENERCO with

- Mini Shelter for temperture....................c..coooiiiiiii 72 277 569 Rp
and Humidity Sensor

- Shelter with solar panel and Masts

- CIRAD software

Sensors :

-Air Temperature 1 140 048 Rp
- Ground Temperature 2 368 548 Rp
- Rainfall with Support 5056 506 Rp
- Relative Humidity 3 595 820 Rp
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PT. MAKRO SENTRAL PERDANA ENTERPRISE

JI. Salak Masir 10 F-G, Jakarta 11470, Indonesia
Telp. 5606033 (6 lines) Fax : 5606396

27 May 1996

Ref. No. 303/MSPE/SPI/R/VIOG

Dr. Emmanuelle Lamade
MARIHAT RESEARCH STATION
P.O. Box 37

Pematang Siantar

Sumatera Utara

Fax. 62221 197

Dear Sir,

Your letter has been reccived by us from our Singapore office. In accordance with your inquiry for
Minolta’s product i.e. Chlorophyll meter SPAD-502, so herewith we submit quotation as follows :

NO. DUSCRIPTION UNIT PRICE

1. | CHLOROPHYLL METER - Rp 4.000.000,-
Tvma - SPAD-502
J_Brand : MINOLTA

- -

*¥* Re arks:
- The above price is TOB Jakarta and excluding PPN 10%.

- Terms of payment  : 20% Down Payment at placing order

and balance 80% payable on tene of delivery..
- Delivery time 24 weeks upon receipt ol Down avie
- Validity : 4 weeks (rom the date of this quotation,

- One year guarantec for the spare part.

If you need further information, please do not hesitate 1o contact us, Thank you [or your attention and we
lovk forward to your reply.

Yours faithfully, :
PT MAKRO SENTRAL PERDANA ENT.
e
TMAKRD
AEROANA ENTZRPRISE
JAKARTA (/k

Raymond Sutanto
Sales Manager




- Leafwetness 1152333 Rp

- Pyranometer 9336 600 Rp
- Anemometer 5169 528 Rp

- Vane 6 771 492 Rp
Accessories :

- Interface Card for Reading Static Block 5093 361 Rp
- Memory on PC

- UV Eraser 2192873 Rp
- Static Block Memory suppl. 739 557 Rp

CHLOROPHYLL METER SPAD-502

. Power swilch:

. Measuring head:

. Cenler line:

. Sliding depth stop:

S W N —

. LCD panel:

. AVERAGE:

. ALL DATA CLEAR:

. DATA RECALL:

. 1 DATA DELETE:

. Ballery chamber cover
11. Strap eyelet

12. Sample slot:

13. Finger rest:

=
O/// 554
Y BVIE

S i,

1 10

—_
SCwvwo~NOW,

oNo»

from MINOLTA with a representant in Jakarta :
PT MARRO SENTRAL PERDANA ENTERPRISE , jalan Salak Masir 10 F-G, Jakarta 11470,
Indonesia. Tel 5606033 Fax : 5606396.

Chlorophyll meter 4 000 000 Rp
type SPAD-502
Brand : Minolta
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PHYSIOLOGY LABORATORY

- A room with AirCON because all cquipment must be maintained in stable  conditions.

* Oven

PROLABO, 1 rue Pelee 75 011 Paris, BP 369 - 755206 Paris Cedex 11, Tel (1) 48 07 38 00
Fax : 43 55 28 50,

- convection laboratory oven capacity 115 | or
- convection laboratory oven capacity 170 | or

- convection laboratory oven capacity 280 |

around 2000 US$ each.

* Balance
BIOBLOK SCIENTIFIC , BP 111-67403 Illkirch Cedex, ZA Sud 3, rue Girlenhirsch, 67 400
lllkirch Graffenstaden, tel 88 67 14 14, Fax : 88 67 11 68

- balance 5550G 0,01G E5500S

- balance 1100G 0,1g E12000S

- balance 16800 6,86 Kg 0,1 g

- balance Indus 1100 g 0, 1g 1120008
- balance Poly 24200 g 0,1 g 124000P

- 1 balance SARTORIUS

for difficult environments.

Price have to be ask again ...
* Dutch auger (for roots biomass)
NARDLUX HUMISOL, 4 avenue Quebee , Z.A. de Courtaboceul, 91 940 Les Ulis |

- 2 augers Edelman (EJDKELLKAMP) type 01.02.02
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How to contact us

Full information on all Delta-T products may be obtained on request from:

diameter 5 cm Delta'T DeViceS Ltd

diamater 10 cm 128 Low Road, Burwell, Cambridge CB5 OEJ, England

+ extra lenght of 100 cm + raccord Telephone: (0638) 742922 (international +44 638 742922

Facsimile:  (0638) 743155 (intcrmational +44 638 743155
- 2 augers for roots study in heavy and light soil Telex: 817670 ASABSE G

ref 05-01.

Printed on low environmental impact paper

Price have to be ask again

* Specimen holder LE 550-015 for blade type leaves up to 25 mm wide.

Soil moisture systems

Delta-T now covers this important
area of environmental measure-
ment, offering sensors for both
volumetric soil water content and
soil water potential.

Water potential

The SWT series of pressure trans-
ducer tensiometers measures the
availability of water in the soil,
cxpressed as a pressure. Three
modecls cover laboratory or glass-
house use, to applications needing
long-term insertion in rough
SWTS Tensiometer  &round. They are suitable for
investigating plant-water relations,
Water content drought tolerance, water transport
The SMC1 Time mcchamsuPS. elc., in soil science,
Domain Reflecto- plant physiology and hydrology.
meter measures : 5T AR
volumetric soil water 1Y UE' i ’%‘:‘*ﬁ% : |
content as a pereen- i Pl 23t i &f{
tage. Used with : 4
measurements of
rainfall, seepage,
run-off, irrigation,
evaporation and
transpiration rates,
waler content is an
important parameter
in modelling
hydraulic flows
within ecosystems,
and for applications
in civil engineering.

SMC1 Time Domain Reflectometer for
measuring volumetric soil water content

SWT and SMC sensors are compatible with our DL2
Logger system. Details can be found in our new
catalogue Dara Loggers, Sensors & Systems, and we also
have scparate data sheets available fully describing
these new product lines. AT
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CONCLUSION

The last three years have seen, in Marihat-IOPRI Research Station the development of an
important physiological programm dealing with the investigations of physiological parameters
related to the yield for oil palm. It is already possible to test the carbon balance model derived by
Dufréne (1989) on the control family L2Tx D10D in Ivory Coast, in North Sumatra conditions
. The photosynthetic potential (31 pmol.m-2.s-1) of clonal material have been also fully assessed
and environmental constrainst factors as the VPD and the temperature pointed out as major
constrainst in North Sumatra. Important linkage between the stomatal conductance and the
photosynthesis when the radiation is over 1000 pmol.m-2.s-1 have been highlighted and may be
a base for furher modelling. Differential sensitivity of the planting material to the VPD leads to
further investigations for plant breeding,.

For the futur, many subjects could be undertaken as the interaction between planting materia!
(genetic point of view) and density, the research of new selection criteria as the chlorophyll
content for example, for the moment strongly related to growth and total dry matter production
and also the development of new models integrating architecture, taken into account the water
balance and nutrient status of studied palms. More specific points, for Sumatra for example, may
be developped as the regional effect on yield (phyiological study from the North to the South of

Sumatra). Last point is regarding the forescasting of sexual cycles still not solved in spite of many
works and thinking : may be the best subject !!!
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Abstract

CO; flux from the soil was measured in situ under oil palms in southern Benin. The experimental design took into
account the spatial variability of the root density, the organic matter in the soil-palm agrosystem and the effect of
factors such as the soil temperature and moisture.

Measurements of CO, release in situ, and a comparison with the results obtained in the laboratory from the same
soil free of roots, provided an estimation of the roots contribution to the total CO; flux. The instantaneous values
for total release in situ were between 3.2 and 10.0 zmol CO, m~2 s~!. For frond pile zones rich in organic matter,
and around oil palm trunks, root respiration accounted for 30% of the efflux when the soil was at field capacity and
80% when the soil was dry with a pF close to 4.2. This proportion remained constant in interrow zones at around
75%, irrespective of soil moisture.

Subsequently carbon allocation to the roots was determined. Total CO, release over a year was 57 Mg of CO,
ha~! yr~! (around 1610 g of C per m? per year), and carbon allocation to the roots was approximately 53 Mg of
CO; ha~! yr=! of which approximately 13 Mg CO; ha~' yr~! (25%) was devoted to turn-over and 40 Mg CO,

ha=! yr=! (75%) to respiration.

Introduction

Total CO, release from soil, commonly referred as
soil respiration (Singh and Gupta, 1977) is an excel-
lent indicator of both root system activities and soil
microorganisms activities especially those involved in
the organic matter mineralization. Consequently, soil
CO; is often used as an index of biological activity
in soil. Recently, the soil respiration is taking into
account in calculations of carbon budgets. Despite
methodological difficulties to distinguish autotrophic
respiration (CO; flux from the roots) from heterotroph-
ic respiration (same flux from decomposition of lit-
ter and organic matter in soil), soil respiration gives
precise information about the dynamics of the root
system. Concerning the below ground compartment,
many studies have already pointed out the difficulties
to get precise measurements on root biomass, highly

* FAX No:+ 3367616590

labor intensive, respiration and annual turnover. For oil
palm, first estimations were made through a simulation
model of production (Dufréne et al., 1990). However,
the extent of the root sink, estimated by Dufréne et al.
(1990) at 40% of total carbon, needs to be checked.
This value is much higher than what is usually report-
ed in the literature for forest ecosystems with values
more often closed to 20%. For example, Santonio et al.
(1977) showed that the proportion of the root biomass
to total biomass for forest ecosystem varied between
15% and 25%. Vogt et al. (1987) highlighted the rela-
tion between this proportion and the closure of the
canopy : before closure, the leaf biomass dominates
(the proportion of the root biomass to total biomass
varies from 13% to 27%) whereas after closure this
ratio may increase to 40% to 65%.

Faced with all the methodological difficulties
involved in the direct field study of in situ oil palm
root compartment, we proceeded indirectly by mea-
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suring the bulk CO; flux passing through the soil sur-
face, and then developed a procedure in laboratory in
order to distinguish between these two sources of CO;.
We then deduced the amount of carbon allotted to the
roots from the measured CO, flux, by applying the
relations developed by Raich and Nadelhoffer (1989).
These relations are mainly based on the assumption
of an equilibrium of the carbon content in soil over
a year as well as of both carbon fluxes entering and
leaving the soil system. Concerning the interaction
of the CO; release with some environmental factors,
many authors have pointed out the strong dependence
of the heterotrophic respiration with both tempera-
ture and moisture in relation with the amount of orga-
nic matter in soil. In this present study, general aims
are first to contribute to the general knowledge of the
soil CO; release in tropical conditions in relation with
climatic factors as temperature and moisture and to
describe the influence of cropping husbandry practices
on the spatial heterogeneity of the soil respiration in
an agrosystem like an oil palm plantation. Secondly,
by comparison with measurements on free-root soil, a
simple method is given to estimate the root respiration
from the total release. The last point of this work is to
apply the knowledge accumulated on the carbon bal-
ance of an oil palm plantation and our contribution on
below ground compartment to estimate the total annual
carbon allocation to the roots. For the two last points,
assumptions and clear limitations in the methods will
be underlined.

Material and methods
Study site and material

The study was carried out in a 20 year-old plot at the
SONICOG commercial plantation at Ouidah in south-
ern Benin (6.23° N, 2.08° E). Figure 1 gives the main
climatic characteristics of the Ouidah station. Annual
rainfall is 950 mm distributed into two rainy seasons:
March to July and September to November. There is a
long dry season from December to March. The annu-
al water deficit, based on the IGM 12 method from
CIRAD (CIRAD, 1992), can reach 1000 mm and is
800 mm on average. The water deficit is low from
May to July and high for the other 9 months. The mean
temperature is 27 °C, with no major variations, and
mean annual sunshine is 1747 hours.

The soil is a ferralsol, according to the FAO’s classi-
fication (FAO-UNESCO, 1989), called locally ‘terres

-100
water deficit 15

-200

1234567891011120
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Figure 1. Mean climatic conditions at Ouidah (Republic of Benin)
according to CIRAD (1992) and Chaillard et al. (1983). The monthly
water deficit was estimated using the IGM 12 method from CIRAD
(W.D =R + AW - ETP with ETP (potential evapotranspiration) equal
to 150 mm per month when there is less than 10 days with rainfall,
otherwise ETP is equal to 120 mm, R as rainfall and AW as available
water for plant in soil).

de barre’. It has been studied in detail by Djegui et
al. (1992). It is a ferralitic soil, poor in clay, slightly
leached, with a pH between 5.4 and 5. 8 (from 0 to 35
cm depth). Bulk density is 1.5, total porosity is 41 to
42% (from O to 35 cm depth). The sum of exchangeable
bases is low (1.9 cmol (+) kg™!). The organic matter
content varies from 2.13% for the soil of the frond pile
where fallen leaves are gathered to 1.71% for the bare
soil.

Field measurements were carried out in January
and February 1993, in the middle of the dry season.

The oil palm plantation comprises Elaeis guineen-
sis dura X Elaeis guineensis pisifera crosses of Déli
x La Mé or Déli x Yangambi origin. The palm trees
are planted in a staggered design, at a density of 143
palms ha~!, each tree being located at the tip of a 9 m
equilateral triangle (Fig. 2).

Measuring techniques

We used a method of direct in situ measurement of
CO; release from the soil using an infrared analyzer
and a closed chamber.

CO; release from the soil was measured in situ, with
a semi-closed system (During the measurement, the air
pumped by the analyzer is not re-introduced in the cir-
cuit) comprising a removable metal cylinder (40 cm in
diameter and 50 cm long), fitting hermetically onto a
support pushed 15 cm into the soil and connected to an
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Figure 2. Location of the 5 measurements zones : T (Trunk), 1 m
from the trunk in the fertilizer circle on frond pile side; CIR (Circle
Inter Row), at the edge of the circle on interrow side; IR (InterRow)
on the diagonal line between 2 palms in the interrow); FP (Frond
Pile) in the middle of the frond pile and CFP (Circle Frond Pile) at
the edge of the circle on frond pile side. The palms are planted in a
staggered design, 9 m apart at a density of 143 palms ha—"!.

ADC LCA2 type portable analyzer (Analytical Devel-
opment Company, Hoddesdon, Herts, UK), Four fans
(Micronel, 80 mm, 12 V) ensured effective air homog-
enization inside the cylinder and a thermistor (Sagime-
ca, 10K3 Al), connected to a multimeter (Fluke 70 IT),
series, measured the air temperature in the chamber.
Two standard thermometers pushed into the ground
measured the soil temperature inside the chamber. The
volume of the chamber was approximately 60 L. As
the sample taken for measurement was around 200 mL
it can be assumed that this did not lead to a sufficient
drop in pressure to ‘pump’ CO; from the soil to intro-
duce a bias into the result (Kucera and Kirkham, 1971).
The cylinder was connected to the analyzer viaa 3 mm
diameter butyl rubber tube with the appropriate speci-
fications (Bloom et al., 1980). Prior to analysis, the air
sample was dried using a magnesium perchlorate drier,
in order to protect the analyzer and limit water vapour
interference with the CO, during measurement (Long
and Hallgren, 1982). The first sample was taken when
the cylinder was fitted hermetically on its support and
served as a reference. Two samples were then taken
five minutes apart.

The equations used to calculate respiration were
those conventionally used for closed circuit measure-
ments (Long and Hallgren, 1982).

Along with these in situ measurements, soil was
sampled down to a depth of 15 cm. Once the roots had
been removed from the soil (dry extraction), a first set
of samples were directly incubated in a thermostati-
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Table 1. Carbon content and root densities in each measurement zone :
Inter Row, Trunk, Circle Frond Pile, Frond Pile and Circle InterRow.
The C content for three different zones are from Djegui et al. (1992).
In the same column, the numbers followed by the same letter are not
significantly different at 5% (Newman and Keuls test)

Measurement point C content from Root density

Oto 15¢cm (0to 15¢cm)
(%) (gDMcm—Y)
Trunk (T) 0.008 (ab)
1 x m from trunk to frond pile (CFP) 0.55 (b) 0.012 (a)
I x m from trunk to interrow (CIR) 0.006 (b)
Interrow (IR) 0.46 (c) 0.005 (b)
Frond pile (FP) 0.82 (a) 0.011 (a)

cally controlled bath at 25 °C (Anderson and Ingram,
1993), while a second set was incubated with mois-
ture content raised to field capacity. CO, release was
measured on two air samples taken one hour apart. Res-
piration of the root compartment was then estimated
by the difference between the measurements taken in
situ and those taken in the laboratory on root-free soil.
This deduction is arrived at by estimating the weight
of soil ‘contained’ under the cylinder and effectively
participating in CO, release, by applying a bulk den-
sity of 1.51 and assuming that a soil depth of 15 cm
represents the maximum depth of organic matter accu-
mulation (Djegui et al., 1992). Nonetheless, it has to
be clearly noticed that this method of estimating roots
respiration is an estimation. It has inherent difficulties
that are not easily overcome but is the only practical
approach in intact ecosystem studies. The problem is
the disturbance of soil samples in laboratory when the
roots are removed for the ‘root-free’ soil respiration
measurements.

Sampling procedure

Four variable factors likely to be involved in CO; flux
from the soil were taken into account: soil organic
matter content, root density, humidity, and time of
measurement. The depth, though playing a role in the
variation of CO; release (Dyer and Brook, 1991), was
not considered to be a determining variable. In our
opinion, the depth effect is a consequence of both root
density and of the depth profile of organic matter.

As for organic matter and root density, the elemen-
tary network concept defined by Djegui et al. (1992)
was used. This involves five measurement positions
(Fig. 2). (i) at the foot of the trunk: T (Trunk); (ii) at
the edge of the ‘fertilizer’ circle (The fertilizer circle
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corresponds to the circular zone of 1 m wide around
the trunk and in which inorganic fertilizers are applied)
towards the frond pile: CFP (Circle Frond Pile); (iii)
between the edge of the circle and the interrow: CIR
(Circle Inter Row); (iv) in the middle of the free inter-
row, mid-way between two palms: IR (InterRow); (v)
in the middle of the frond pile: FP (Frond Pile). With
these five points, it is possible to cover the full range of
root density and organic matter variability at a constant
depth. This set of five measurements was replicated
five times in the study plot. Table 1 shows the root
density measurements measured at each point, as well
as the soil carbon content (Djegui et al., 1992),

The effect of moisture was studied by taking mea-
surements in situ and in the laboratory on dry soil and
on soil at field capacity. At the time of year when the
study was conducted, the soil was dry with a moisture
content close to that of the permanent wilting point (pF
4.2). The field capacity was obtained by soil rehydra-
tion in the laboratory and in situ down to a depth at least
15 cm by watering, following methods determined in
preliminary trials. These two levels of soil moisture
content — dry and moist — corresponded well to those
found, in the upper horizon, for 9 and 3 months of the
year, respectively (this arbitrary choice gives, in our
opinion, a good balance of all the moisture conditions
during a year).

As there is a peak in the diurnal rate of leaf gas
exchanges in the middle of the day (Smith, 1989),
measurements were spread throughout the day to check
whether the same pattern applied to the root system.

Principle for estimating the quantity of carbon
allocated to the roots

We used the calculation principle described by Raich
and Nadelhoffer (1989). Considering the results of
Ollagnier et al. (1978) pointing out the equilibrium
of the organic stock of the soil in an oil palm plan-
tation over 14 years old, the total amount of carbon
returned to the soil by plant residue should be equal
to the amount of carbon in the soil mineralized by he-
terotrophic respiration (Rh). Let Pa and Pb represent
the carbon supplied to the soil in the form of above-
ground parts (Pa) and below-ground parts (Pb) respec-
tively, then;

Rh = Pa + Pb 1)

Moreover, if Rs represents the total CO; release
from the soil and Rr root respiration, then:

Rs = Rh + Rr )

Combining (1) and (2) gives:
Rs — Pa = Pb +Rr (3)

where Pb + Rr represents the overall carbon allocation
to the root system, under the hypothesis that there
is very little growth in a mature root system that has
reached maximum expansion. At the most, root growth
may only amount to renewal of dead roots (Pb).

In order to use this method of estimation, we have
to make the following three assumptions. First, the
carbon inputs into the soil come only from leaf litter
and root litter: supplies of carbon leached by rainfall
are therefore considered negligible. Second, carbon
removal from the soil is only due to mineralization of
litter, root residues, and organic matter; losses due to
erosion and leaching are considered negligible. Third,
the interactions between microbial activity and car-
bon supply, e.g. by the litter, on decomposition of
soil organic matter (priming effect) are not taken into
account.

Results
Spatial variation in - in situ - CO, release

Under dry conditions, the variation in CO,, flux from
one point to another was relatively law, from 3.2 gmol
m~2 s~! in the interrow to 5.1 gmol m~2 s~! at the
foot of the trunk (Table 2). This variation increased
substantially when the soil was rehydrated: from 4.1
pmol m~2 s~} in the interrow, to 10.0 ymol m~2 5!
in the middle of the frond pile. Soil rehydration had
the greatest effect in the frond pile, where CO; flow
was multiplied by more than 2. The extent of these
variations was about the same as that observed for the
total carbon content of the soil (Table 1).

Respiration of root-free soil in the laboratory

The measurements of root-free soil respiration in the
laboratory (Table 2) revealed relatively stable and low
values for dry soil, reflecting low microbial activity.
After rehydration, the values observed in the frond pile
were 6 times greater than under dry conditions. Those
near the trunk (T, CFP, CIR) were 2.7 to 3 times greater
than under dry conditions. The moisture content had
little effect in the interrow (IR) with a multiplication
factor of 1.1 compared to the dry conditions. Once
again, these results were consistent with the carbon
contents measured in the soil as shown in Table 1.



Tuble 2. Measurement of CO; release from soil in situ and from root-free soil in the laboratory, either dry or
rehydrated. Estimation of root respiration in each measurement zone

Trunk  Circle Circle Inter- Frond
Frond Pile  InterRow  -Row Pile
(mean in pmol m~2 s~T)

CO; release from A 5.06 440 322 3.16 4.28
the soil in situ, 0.69* 072 0.25 0.26 0.31
dry conditions a** ab c c b
CO3; release from B 6.34 8.55 4.87 4.11 9.97
the soil in situ 0.35 0.51 0.31 0.29 0.60
after rehydration c b d e a
CO; release from C 1.29 0.95 0.78 0.79 0.86
root-free soil
dry conditions
CO; release from D(1)®» 381 2.72 2.08 0.90 5.71
root-free soil
after rehydration 2) 426 3.04 2/32 1.02 7.02
Multiplication coefficient E 2.95 2.86 267 1.14 6.64
(dry to moist) for CO,
release from root-free soil
(E=D/C)
Root respiration F 3.77 345 244 2.37 3.42
estimated when dry
(F=A-C)
Root respiration G2 208 5.51 2.55 3.09 295
estimated when rehydration
(G=B-D)
Mean root H@2) 293 4.48 2.61 2.58 3.18
respiration
(H = (F+G)/2)
Contributicn of root I 0.75 0.78 0.76 0.75 0.80
respiration to CO; release
from the soil when dry
(I=F/A)
Contribution of root J(2) 0.33 0.64 0.52 0.75 0.30

respiration to CO, release
from the soil when rehydration
(J=G/B)

* Confident interval at 95%.

** Student test for mean comparisons (5% risk), in the same row, the value allocated the same letter are not

significantly different.

* (1) results of measurements at 25 °C; (2) data on moist soil corrected at 27 °C.
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Tuble 3. CO; release from soil in situ for the main three zones : InterRow, Frond Pile and
Circle. ‘Circle* is defined as : (T+CIR+CFP)/3. Determination of CO; quantities allocated
to the root compartment. Calculation per ha and per year of amounts of CO; released by

the soil and roots

InterRow  Frond Pile  Circle
(zmol m~?s~T)

CO; release from soil in situ
Under dry conditions
Under moist conditions (27 °C)

Estimated root respiration
Under dry conditions
Under moist conditions (27 °C)

3.16 4.28 423
4.11 9.97 6.59
2.37 3.42 322
3.09 2.95 3.38

Annual CO; release™

Total CO; release from soil (27 °C)
CO, release from roots (27°C)
Roots respiration/soil respiration

(2CO yr~ ' m™?)

4714.30 7912.67 6688.14
3567.59 4750.05 4581.12
0.76 0.60 0.68

Mean release from plot**

Total CO; release from soil (Rs)
CO;, release from roots (Rr)
Roots respiration/soil respiration

(Mg COz yr—! ha™1)

57.11
39.65
0.69

Weight of leaf litter returned to soil annually

(Mg CH;0 yr~! ha~1)

(143 palms x 22 leaves x 9m? x 110gm=3%) 3.1l

(Mg CO; yr—! ha~1)

Pa*** 4.56

(Mg COy yr—! ha~1)
Overall carbon allocation to roots
Pb + Rr (= Rs-Pa)*** 5255

(Mg CO; yr~! ha™1)
Weight of root litter returned to soil annually
Pb*** 12.91
Pb/(Pb + Rr)*** 0.25

* Dry conditions for 9 months and humid for 3 months.

** 65% from IR, 25% from FP, 10% from C.
*** From Raich and Nadethoffer’s formula.

Diurnal variation in - in situ - soil respiration

Soil respiration was measured at 5 points (T, IR, GIR,
CFP and FP), 8 times a the day for 25 days, under
dry conditions and after rehydration. Figure 3 shows
the mean diurnal variations in CO; release from dry to
moist soil and with changes in soil temperature along
the day.

Dry soil respiration was relatively constant
throughout the day around a mean value of 4 pmol

m~2 s~!, The significant increase in respiratory flux
for moist soil between 7:30 am and 11:45 am corre-
sponded to an increase in soil temperature. A slight
depression. at 12:30 pm was associated with a slowing
of the temperature increase. From 1:45 pm onwards,
CO; release dropped in line with the temperature.
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Figure 3. Variations in soil temperature and CO; release from both
dry and moist soil during the day (mean values and confidence
intervals at 95%).
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Figure 4. Effect of the temperature on the respiration of the moist
soil (M : T (Trunk); A : IR (InterRow); @: FP (Frond Pile) and the
dry soil @J: T, A: IR, O: FP). Non-linear fitting (SAS Inst. Inc.,
1990) for 3 locations IR, T, FP with the equation : R= A x exp(Bx
T°C). Estimation of the parameters A and B with confident interval
at 95%. FP : A=0.631 [—0.144; 1.407] B= 0.104 {0.059; 0.149] and
2 =0.79 (p <1%); IR : A =0.620[0.119; 1.121] B = 0.070 [0.041;
0.098] and r’= 0.76 (p <1%); T: A = 1.33{0.114; 2.54] B = 0.05
[0.022; 0.09] and 2 = 0.62 (p <1%). Points plotted on the graphs are
the mean per class of degree Celsius.

Effect of the temperature on the respiration of the
moist soil

As shown by the above results, soil respiration is
strongly related to the soil temperature. For our
data, the best fit was obtained with a simple empir-
ical expression, the exponential curve (R = A X
exp(BxT°C)) often used to describe many biolog-
ical processes (Thornley and Johnson, 1990). Plots
and fits to our data are given in Figure 4. For clarity,
the results of the 3 most representative of measuring
positions ((T), (IR), (FP)) have been plotted together
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with the mean points per temperature. It was obvious
that temperature had an effect only on the ‘moist’ soil
because the same phenomena could not be observed
on dry soil (Fig. 4). Furthermore, this temperature
effect was mainly related to the measuring position
and therefore to the microbial activity. The effect of
soil temperature was considerable on the soil of the
frond pile and relatively small on soils from both the
circle and interrow positions. Hence, it may be essen-
tial to make allowances for the fact that there is an
effect of temperature on soil respiration only when
the level of moisture is sufficient to permit a substan-
tial activity by the microbial population. From these
results, corrections taking into account the tempera-
ture were made to the values of CO; released from
humidified soil measured in the laboratory at 25°C.
All the results were adjusted to 27 °C which represents
both the annual mean value of the air temperature in
Benin and also the mean temperature during our in situ
measurements. On Table 2, relative corrections have
been made for each measuring position for the mea-
surements in laboratory, equivalent to their respective
in situ pattern. Subsequently, all estimates have been
presented for a temperature of 27 °C.

Root respiration

Root respiration was deduced from the difference in
CO; release from the soil in situ and from root-free soil
in the laboratory at a temperature of 27°C (Table 2).
Although not significant, slightly higher values were
recorded with humid soil (average estimated respira-
tion after humidification at all locations was equal to
3.24 pmol m~2 s~! at 27 °C compared to 3.09 pmol
m~2 s~! under dry conditions). However, the moist
soil:dry soil ratio was much lower (1.05) than that
observed ratio for total soil respiration (3.78). Conse-
quently changes in moisture content seem to affect root
activity much less than microbial activity in the soil.
If the mean root respiration value estimated at each
pointis considered, for both dry and moist soil at 27 °C,
the mean is seen to be linked to the measured root den-
sity (Fig. 5). Therefore, it seems possible to estimate
root respiratory flux from their biomass.
Consequently, the contribution of roots to total
CO; release from the soil seems to be highly vari-
able depending on moisture conditions and on location
(Table 2). For zones with a low organic matter content
(IR), root respiration was dominant, irrespective of soil
moisture content. It is very clear that for the interrow,
the moisture content has no effect on the contribution
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Figure 5. Relationship observed between estimated root respiration
and root density measured at each sampling point IR, CFP, FP, CIR
and T. Non linear fitting (SAS Inst. Inc., 1990) with equation : R =
A x exp(B X dens), estimations of the parameters with confident
interval at 95%, A = 1.712 [0.903; 2.520] ; B = 70.892 [22.865;
118.918] and 2 = 0.74 (n.s.).

of root respiration to the gross flux. In (IR), root respi-
ration represents around 75% of the total release.

Annual carbon allocation to the roots

Using Raich and Nadelhoffer’s principle (1989) and in
accordance with the points mentioned before, we esti-
mated total carbon allocation to the root compartment,
In order to obtain a year-long estimate, we combined
the various estimates so as to integrate the variations
in soil moisture content throughout the year. Given the
mean values of the water deficit observed at Ouidah
(Fig. 1), we considered as an order of magnitude that
the top 15 cm of soil were close to field capacity for 3
months of the year (primarily in May, June and July)
and near to the permanent wilt point (pF = 4.2) for 9
months. As for the temperature effect, it was decided
that it may possibly play a slight role only during the
months of May and June.

We considered that leaf litter was nil in the ‘circle’
and interrow, since it was concentrated in the frond
pile, which represents around 30% (This percentage
is slightly higher than the 25% usually quoted in this
area (Djegui et al., 1992)) of the plot area. As we
had no direct measurements of either the litter biomass
returned to the soil each year, or of the speed with
which it decomposes and is incorporated back into the
soil,, three main points had to be taken into considera-
tion in estimating Pa:

(i) the mass of litter returned to the soil each year is
proportional to the leaf mass. According to Ziller

et al. (1955), the ratio of the number of leaves in
oil palm plantations at Pobe (under similar ecolog-
ical conditions to those at Ouidah) to that at La Mé
(Ivory Coast) is 0.8. In addition, the water deficit
at Ouidah is likely to substantially reduce leaf
size; de Berchoux (personal communication) not-
ed that a moderate water deficit (270 mm) reduced
leaf length by 6%. We therefore assumed a 30%
reduction in leaf litter mass for the conditions in
Benin compared to those at La Mé which is already
observed at the yield level. At the latter site, leaf
litter was estimated to be between 9 (Hirsch, 1980)
and 11 Mg DM ha~! (Dufréne, 1989). We therefore
assumed a leaf litter value of 7Mg DM ha™! which
seems adequate for Benin conditions (estimation of
a litter of 9.4 t ha~! by Sokpon and Lejoly (1991
in the forest near the plantation of Pobg) taking
into account the percentage of leaves exported by
the people for firewood. Concentrated in the frond
pile, which represents 30% of the area, this mass
amounts to 2300 g DM m~2 in the frond pile.

(i) the leaf litter returned to the soil is made up
of leaflets, rachis and petioles. The absence of
incorporation into the soil and the dry conditions
at Ouidah considerably reduce the rate of litter
decomposition: the petioles and rachis remain on
the soil for a very long time, so the frond pile ends
up very voluminous (3 m wide, 1 to 1.5 m high).
We therefore assumed that only leaflets decom-
posed within a year; according to Dufréne (1989),
these account for about 25% of total leaf mass,

We thus estimated Pa as:

- 0 in the interrow (IR) and in the circle (C)

-575 g DM m~2 yr~! in the frond pile, i.e. 843 g of
CO, m2yr!

The measured results integrated over time are
shown in Table 3 for each zone considered. Under these
conditions, on a year basis, root respiration would seem
to account for 60% (FP) to 76% (IR) of total CO, flux
from the soil. CO, allocation to the roots varied from
3568 to 4750 g (CO,) m—2, 24 to 31% of which are for
root renewal (Pb).

We calculated the plot mean by allocating a weigh-
ing factor to each zone equivalent to its relative area
((IR) : 60%; (FP) : 30%; (C) : 10%) (Table 3). Root
respiration thus amounted to 70% of CO; release from
the soil (39.65Mg ha—! yr—!). Total carbon allocation
to the roots was 52.55 Mg CO; ha~! yr~!, 25% for
renewal and 75% for respiration.



Discussion

The carbon allocated to the root system is used for
growth and respiration (Buwalda, 1993). Due to the
size of this root sink, a direct estimation is needed
in order to validate carbon functioning models for the
ecosystem, rather than an evaluation, frequently made
by taking the simple difference in calculating the car-
bon balance, usually leading to substantial errors.

Direct measurement of root growth poses nume-
rous methodological problems due to difficult access.
In situ measurement of root respiration also poses many
problems since it is so difficult to separate from the he-
terotrophic CO; flux resulting from the organic mat-
ter decomposition and microbial activity. This metho-
dological difficulty has been illustrated and more or
less solved by numerous authors, ranging from a simple
protocol comparing soils in situ and soils from which
roots have been removed (Coleman, 1973; Kucera and
Kirkham, 1971; Singh and Gupta, 1977) to the use of
radio-isotopes such as '*C (Cheng et al., 1993; Warem-
bourg and Paul, 1973) or gas chromatography (Silvola
et al., 1992). Some have worked on direct estimation
of the amount of organic matter likely to be involved
in CO, flux from the soil (Maggs and Hewett, 1990,
Raich and Nadelhaffer, 1989). Our simple method is
based on comparative protocols, but provides a large
number of measurements by using a portable infrared
analyzer. This technique is increasingly being used
(Howard and Howard, 1993; Kanemasu et al,, 1974,
Kiozumi, 1991, Pajari, 1995), and gives better results
(Nakadai et al., 1993) than CO; capture with soda lime
(Anderson and Ingram, 1993; Gunadi, 1994) or sodi-
um hydroxide (Henson, 1992; De Jong et al., 1974;
Rout and Gupta, 1989). Still, this technique brings
little bias compared to theoretical calculations based
on classical formula such as the Fick’s law (Nay et
al., 1994). The fact that a large number of measure-
ments can easily be done, allows a quantification of
variations in CO, release depending on environmental
factors and an integration of the spatial variability of
the cultivated ecosystem. '

Our in situ results on soil confirmed the effects
of environmental factors such as soil moisture con-
tent (Hanson et al., 1993; Howard and Howard, 1993;
Rout and Gupta, 1989) and temperature (Kucera and
Kirkham, 1971; Llyod and Tailor, 1994). Furthermore,
our results showed that there is a strong interrelation
between these two factors. A strong effect of the tem-
perature on soil respiration is observed, only when
the moisture content of soil is adequate for microbial
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activity. These data revealed some variability due to
the spatial distribution of organic matter and of the
roots in the soil. Much of the work in this field has
been geared more toward the comparative study of the
CO; flux in different types of ecosystems, either cul-
tivated or not (Ceulemans et al., 1987; Fernandez et
al., 1993; Raich and Schlesinger, 1992; Schlesinger,
1977, Singh and Gupta, 1977). Little work has been
done on the analysis of spatial heterogeneity within the
same system: Hanson et al. (1993) attempted to ana-
lyze the effect of topography whereas Dyer and Brook
(1991) showed variation with the depth, consequence
of the soil carbon content distribution. Our resuits, on
the other hand, clearly revealed the major role played
by the type of cropping practices, like leaf pruning
and planting pattern, on the spatial distribution of soil
respiration.

An attempt to establish a balance over a period
of one year revealed that total CO; release from the
soil amounted to about 57 Mg of CO, ha~! yr~!, i.e.
approximately 1610 g of carbon per m? per year. This
value tallies with those observed for CO;, release in
tropical forests, ranging from 400 to 2100 g of C m™2
yr~! (Schlesinger, 1977). However, comparison with
a more recent review (Raich and Schlesinger, 1992)
shows that our values are much higher even than those
encountered in humid tropical forests. On the other
hand, recent results from Le Roux and Mordelet (1995)
on a savanna soil in the Ivory Coast were comparable
to ours (for instantaneous values, results ranging from
4.0 pmol m~2 57! t0 9.6 umol m~2 s~! from Octo-
ber to April). Hanson et al. (1993) found much lower
values (around 850 g of C m~?% yr~!) for temperate
forests, where the annual average temperature is much
lower. Obvious temporal variations have been demon-
strated by some studies (Dyer and Brook, 1991; Guna-
di, 1994). In our opinion, these variations are mainly
caused by moisture and temperature variations.

In the present study, total carbon allocation to the
roots amounted to about 53 Mg of CO, ha~! yr~!
(1445 g of C m~? yr~1), including about 13 Mg CO,
ha=! yr~! for renewal (25%) and 42 Mg CO, ha™!
yr~! (75%) for respiration. In comparison, using the
total carbon budget established for an oil palm plan-
tation in the Ivory Coast by Dufréne et al. (1990), we
arrive at 62 Mg of CO, ha™! yr~!, allocated to the
roots, with around 15% for renewal and 85% for res-
piration. The orders of magnitude therefore seem to
be highly comparable, and the differences observed
between the two estimates could result from differ-
ences in either the methods used or the different eco-
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logical conditions at the 2 sites. Under the conditions
of Dufréne, overall assimilation corresponded to 154
Mg of CO, ha™! yr~!, which is much higher than in
southern Benin. The bunch production calculated by
Dufréne et al. (1990) was 23 Mg ha~! yr™!, where-
as barely more than 4 Mg ha~! yr~! can be expected
under the conditions at Ouidah (Chaillard et al., 1983).
Therefore, it seems that carbon allocation to the differ-
ent plant organs differ at the 2 sites: bunch yields seem
to be much more affected by the poor ecological con-
ditions found at Ouidah (4 Mg ha=! yr~! as opposed
to 23 Mg ha~! yr™') than by the amounts of carbon
allocated to the roots (53 Mg ha~! yr~! as opposed
to 62 Mg ha~! yr~"). This is another illustration of
the functional balance concept developed in 1969 by
Brower and de Wit (quoted by Klepper, 1991): alarger
reduction in quantities of carbon allocated to the aerial
parts than to underground parts is observed in response
to nutritional stress and particularly water stress.

The values (33 Mg CO; ha~' yr~!') for total CO,
release from the soil obtained by Henson (1992) for
oil palm, in Malaysia, were lower than our estima-
tions. These measurements were taken under water
supply conditions that were not restrictive most of the
time, hence the contribution made by organic matter
in the soil was probably high. Without information on
organic matter content and mineralisation rate at the
Malaysian study sites, it is difficult to make a direct
comparison with our measurements of overall CO;
release. However, it is worth noting that the potential
assimilation measurements made by Henson (1992)
under saturated radiation conditions, were around 35%
lower than those estimated by Dufréne (1990) or by
ourselves (CIRAD, 1995).

In conclusion, the importance of the root sink and
the root respiration are clearly shown in this study. A
correct estimation of its dynamics is essential for any
attempt at establishing a carbon balance an the scale
of a whole plant or an oil palm plantation. To do so, it
will be necessary to validate the methodology, and to
make sure that the measurements taken in the labora-
tory on samples of root-free soil are representative of
how the soil performs in situ. Furthermore, our esti-
mations are based on the hypothesis of a stable organic
matter content in the soil, which enables us to calculate
the carbon allocated to the roots by simple subtraction.
This assumption is probably acceptable on a plot scale,
but it should be checked for different zones character-
ized by different ways of returning organic matter to
the soil.
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