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Decomposition of Vetiver Shoot and Effect of Vetiver Mulching on
Super Sweet Corn Hybrid Yield

Prapai Chairoj! and Nualchavee Roongtanakiat?

ABSTRACT

Two experiments were conducted on Hupkapong Soil Series. In the first experiment, the
decomposition of vetiver shoot, and the nutrientsrel eased during the processwere measured. The second
experiment investigated the mulching effect of vetiver shoot onyield of super sweet corn hybrid in the
wet and dry seasons. Theresults from the decomposition study indicated that, within 90 days, more than
80% of the buried vetiver shoot decomposed but less than 30% of the same material left on soil surface
disintegrated. It wasalsofound that oneton of dry vetiver shoot buried at the depth of 10 cmwouldyield
mineral nitrogen, available phosphorus, and extractable potassium up to 4.4, 2.2 and 20.5 kg while that
left on soil surface would yield only 0.85, 0.74 and 7.20 kg, respectively. In the second experiment, the
application of 31.25 t/hafresh weight of vetiver shoot for mulching in addition to ahalf rate (35.5-35.5-
35.5kg of N-P,Os-K ,0/ha) of therecommended fertilization produced thesameyiel d of super sweet corn
hybrid asapplying thefull rate of therecommended fertilizer alone. Mulching the soil with vetiver shoot,
therefore, could reduce 50% of chemical fertilizer needed for the super sweet corn hybrid production.

Key words: vetiver, plant nutrient, mulching, compost, super sweet corn

INTRODUCTION

Thetwomajor problemsof soil deterioration
in Thailand are low soil fertility and soil erosion.
Low organic problemiscommonly found, covering
as high as 30 million hectares or 59.5 % of
Thailand total area while soil erosion has caused
plant nutrient loss of approximately 17 million
hectares or 33 % of the whole country (Land
Development Department, 2004). Theseproblems
have affected physical soil resources and caused
economic and social imbalance. Restoration of
soil fertility can be done by incorporating organic
matter as well as soil mulching as shown by
severa reports on the positive influence of soil
mul ching onsoil andwater conservation (Borthaker

andBhattacharyya, 1992; KitohandY oshida, 1994;
Roongtanakiat et al., 2000). Mulching provides a
good protection against raindrops and runoff
energy, limits weed competition, improves water
storage and faunal activity and releases nutrients
progressively (Roose and Barthes, 2001).
Vetiver grass (Vetiveria zizanioides (L.)
Nash.) is atropical plant with specia feature of
having a long and dense root. Utilizing vetiver
grassin Thailand wasinitiated by HisMagjesty the
King for the purposes of soil and water
conservation, preventing soil erosion and
improving deteriorated environment (Office of
the Royal Development Projects Board, 1998;
Roongtanakiat and Chairoj, 2001). Onfarmland,
cultivation of vetiver grassin rowswith aspacing
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of 6 m produces approximately 11.25 — 26.28 kg/
ha of dry biomass each year. Dry vetiver shoot
contains 1.29, 0.20, 1.3and 0.15% of N, P, K and
S, respectively (Office of the Royal Development
Projects Board, 2000). Therefore, vetiver grass
has a potential for soil mulching and can help
preserving soil, aswell asreleasing plant nutrients
into the soil. Super sweet corn is one of the high
value cash crops. Itisan early maturing crop and
cangrow all year round. In1999, Thailand exported
27,000 tons of super sweet corn with the value of
729 million baht (Department of Agricultural
Extension, 2004). However, growing super sweet
corn in a low fertility area needs a proper soil
management for good production.

Thisresearch was aimsed to determine the
decomposition of vetiver shoot, and the nutrients
released during the process, in sandy soil of
extremely low productivity. The possibility of
using vetiver shoot assoil mulchingand composting
material to increase the yield of super sweet corn
hybrid was also investigated.

MATERIALSAND METHODS

Experiment 1

A study on using vetiver shoot as mulched
material and buried materia for compost was
carried out to investigate plant nutrient releasing.
Theexperiment was conducted onthe Hupkapong
low fertility sandy soil at the Huai Sai Royal
Development Center, Phetchaburi Province. Dry
vetiver shoot was cut into small (1-1.5 cm) pieces
and then 10 grams were put into each 20-mesh
nylon-net bag with 12.5¥ 16.0cminsize. Inone
set, fifteen bags were left on the soil surface as
mulched vetiver shoot treatment. In an adjacent
site, fifteen bags of another set were buried at the
depth of 10cmbel ow soil surfaceasburied vetiver
shoot or composting treatment.

Decomposition of the vetiver shoot in the
bags and nutrient contents in the soil at about 10
cm beneath the bagsweredetermined on 0, 30, 60,

90, and 120 days of experimentation. The
procedure was replicated threetimes. Mineral N,
available P and extractable K were determined
according to the methods described by Bremner
(1965), Bray and Kurtz (1945) and Knudsen et al.
(1982), respectively.

Experiment 2

A field experiment to investigate the effect
of mulching and composting by vetiver shoot on
grain yield of a super sweet corn hybrid was
carried out in the wet and dry seasons of the crop
year 2000-2001 at theHuai Sai Royal Development
Center as in the experiment 1. A completely
randomized block design with 6 treatmentsand 5
replications was employed. Plot size was 6.25 ¥
4.25 meters. Details of treatments and their
descriptionsareillustratedin Table 1. Grainyield
of the super sweet corn hybrid was recorded at 90
days after planting. In the dry season, sprinkler
irrigation wasdonethroughout thegrowing period
whileinthewet season, theirrigation wasadded if
necessary to keep sufficient soil moisture for the
plants.

RESULTSAND DISCUSSION

1. Vetiver shoot decomposition

The soil analysis indicated that the soil
used inthe experiment wasvery low infertility. It
had pH of 5.7, 0.9 % of organic matter and low
macronutrientswith 7mg/kg N, 4 mg/kg available
P and only 70 mg/kg extractable K. Dry vetiver
shoot contained 39.9 % C, 1.1 % total-N, 0.19%
total-P and 1.7% total-K.

A significant difference of decomposition
between the treatments of mulched vetiver shoot
and buried vetiver shoot was observed during the
120-day experimentation period. The
decomposition of buried vetiver shoot was60 % at
30 days and it gradually increased to 75 % and
85% at 60 and 90 days of experimentation
respectively, afterwards it was rather stable
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Tablel Treatments used in experiment 2.

Treatment number Descriptiont
T1 (nofertilizer as control) M
T2 1 CF+ 1M
T3 I CF+CP+M
T4 1 CF+CP+ 1M
T5 1 CF+M
T6 CF+M

CF = chemical fertilization at half rate of CF
M = mulching with fresh vetiver shoot at 31.25 t/ha

Nk Nl P

CF = chemical fertilization at 75-75-75 kg N-P,05-K ,O/ha

M = mulching with fresh vetiver shoot at half rate of mulching (M)

CP = vetiver grass compost application at the rate equivalent to 37.5 kg N/ha

(Figurel). For mulching, vetiver shoot decomposed
nearly 30 % at 30 days and it was stable later on.
The higher decomposition of buried vetiver shoot
over that of mulched vetiver shoot was observed
throughout the experiment period. This could be
explained by more contact of vetiver shoot to the
soil microorgani smsneeded for thedecomposition
process in the buried vetiver shoot compared to
that in the mulching (Chairoj et al., 1990). High
decomposition at 30 days (during the wet season-
Table 2) might happen due to more rain at that
period for accel erating the decomposition in both
treatments.

100

2. Plant nutrients released from the vetiver
shoot

2.1 Minera nitrogen(NH4-N and NO3-N)

Nitrogen mineralized from the buried
vetiver shoot was significantly higher than that
fromthemulched practice. Thegreater contact of
thematerial swith soil microorganismsstimulated
the decomposition and the mineralization of the
nutrients from the vetiver shoot (Chairoj et al.,
1990). Mineral N content inthe soil released from
themul ched vetiver shoot during the60 experiment
days was less than 1 mg/kg, and it markedly
increased to 5 mg/kg within 90 days (Table 3).

R o O P

Buried vetiver shoot

% Decomposition

90 120  Period (days)

Figurel Percentage of decomposition of dry vetiver shoot left on the soil surface (mulched vetiver
shoot) and that buried at the depth of 10 cm (buried vetiver shoot).
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Table2 PrecipitationattheHuai Sai Royal Devel opment Center during theexperiment ondecomposition

of vetiver shoot.

Day/Month/Y ear Period (days) Precipitation (mm)
24/09/2000 - 24/10/2000 0 207.7 (wet season)
25/10/2000 - 24/11/2000 30 484.7 (wet season)
25/11/2000 - 24/12/2000 60 0  (dry season)
25/12/2000 - 24/01/2001 90 2.8 (dry season)

Higher content of mineral N (11 mg/kg) from the
buried vetiver shoot was observed in the first 30
days of the experiment, and remained constant
thereafter. Heavy precipitation during September
to October 2000, 60 daysafter thebeginning of the
experiment, might leach mineral N out of the
collected soil layer. Average mineral N contents
released from the mulched and the buried vetiver
shoot treatments during the 90 days after the
experiment were 2 and 10 mg/kg, or equivalent to
0.085 and 0.440 % of the vetiver shoot used
respectively. Therefore, it could be estimated that
oneton of thedry vetiver shoot mulched onthesoil
surfaceand that buried at thedepth of 10cmwould
release mineral N to soil layer about 0.85 and 4.4
kg, respectively.

2.2 Available phosphorus

Available P released from the mulched
vetiver shoot during the 60 experiment days was
<1 mg/kg and subsequently increased at the same
trend as mineral N. This suggested that P in the

vetiver materialswasreleased inasimilar fashion
asN. Likewise, the buried vetiver shoot was far
more effective to supply available forms of N, P
and K to the soil over the mulching technique.
Higher available P content (4 mg/kg) wasobtained
from the buried vetiver shoot in the first 30
experiment days (Table 3). During 90 experiment
days, average available P contents released from
the mulched and the buried vetiver shoot methods
were 4 and 6 mg/kg, or equivalent to 0.074 and
0.22% of thevetiver grassshoot used respectively.
It could therefore be estimated that one ton of the
dry vetiver shoot mulched on the soil surface and
that buried at the depth of 10 cmwould releasethe
available P to the soil of about 0.74 and 2.20 kg,
respectively.

2.3 Extractable K

ExtractableK released frombothtreatments
reached the peak at 30 days. However, the
extractable K released from the buried vetiver
shoot treatment was almost 3 times higher than

Table3 Contentsof mineral N, available P and extractable K in soil layer released from the mulched

and buried vetiver shoots.

Period Mineral N (mg/kg) Available P (mg/kg) Extractable K (mg/kg)
(days) Mulched Buried Mulched Buried Mulched Buried
0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.1 11.0 0.6 40 18.0 46.0
60 0.9 11.0 0.6 5.0 16.0 49.0
90 51 8.0 40 6.0 16.0 46.0
Average 20 10.0 17 5.0 17.0 47.0

The values of nutrient content already deducted by the control treatment.
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that fromthemulchedtreatment (Table3). Average
extractable K contents at 90 days of the mulched
and the buried treatments were 17 and 47 mg/kg,
which were equivalent to 0.71 and 2.07 % of the
vetiver shoot used respectively. Again,itcouldbe
estimated that one ton of the dried vetiver shoot
mulched on soil surface and that buried at the
depth of 10 cm would release extractable K to the
soil about 7.2 and 20.5 kg, respectively. Buried
vetiver shoot would provide substantial amount of
K tothecrop (46-49 mg/kg) quite steadily from 30
daysto 90 days after incorporation. Thislevel of
extractable K seems to be adequate for growing
any field crop (Department of Agriculture, 1998).

3. Yield of the super sweet corn hybrid

In general, the grain yield of super sweet
corn hybrid in the dry season was higher than that
of thewet season. Vetiver mulchingintheabsence
of chemical fertilizer (T1) in both wet and dry
seasons was unable to supply sufficient nutrients
for regular yield of the super sweet corn hybrid, as
compared to those in the presence of chemical
fertilizer (T2-T6) (Figure2). Low initial nutrient
composition of thissoil asdescribed earlier might
attributeto thelow cornyieldinthe T1 treatment.
However, there were no significant differences

3000

among treatments T2-T6 inyield in both seasons.
For all studiedtreatments, thedry season produced
abetter yield than the wet season. Putative causes
included morefavorablenutrient composition and
environmental factors, such as light intensity,
temperature, consistent soil moisture (due to
irrigation), etc. Moreover, treatments T5 and T6
werenot significantly differentinyield, therefore,
it could be postulated that mulching with vetiver
shoot at therate of 31.25t/ha(T5) would reduce at
least 50% of chemical fertilizer required for
growing super sweet corn hybrid. Economically,
the farmers would benefit from the lower cost of
input.

CONCLUSION

Resultsof thefield experiment ontheeffect
of vetiver shoot on the supply of plant nutrients
and yield of super sweet corn hybrid could be
concluded as follows:-

1. The decomposition rate of the vetiver
shoot buried in the soil at the depth of 10 cm was
foundtobe2-3timesfaster thanthat left onthesoil
surface and also resulted in higher plant nutrient
releases.

2. Oneton of thedry vetiver shoot buried

wet season
2500 +

2000 —

1500

1000

dry weight yield (kg/ha)

500

dry season

T1 T2 T3 T4 T5 T6

T1 T2 T3 T4 T5 T6

Treatment

Figure2 Yield of super sweet corn hybrid under different soil managements in wet season and dry
season. (Thetreatment columnsembedded with acommon | etter arenot significantly different

at the 95% level by DMRT.)
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insoil at the depth of 10 cmwould release mineral
nitrogen, available phosphorus and extractable
potassium of 4.4, 2.2 and 20.5 kg, whilethat of the
mulched technique yielded only 0.85, 0.74 and
7.20 kg, respectively. Significant increases of the
plant nutrientsweredueto better mineralization of
buried materials by soil microorganisms.

3. The maximum vyield of super sweet
corn hybrid was obtained from the treatment of
vetiver shoot mulching at the rate of 31.25 t/ha
together with applying ahalf rate (35.5-35.5-35.5
kg of N-P,Os5-K,0O/ha) of the recommended
fertilization.
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Effect of Nitrogen Fertilizerson Branched Broomrape
(OrobancheramosaL.) in Tomato (Lycopersicon esculentum Mill.)

Etagegnehu G. Mariam?® and Rungsit Suwanketnikom?

ABSTRACT

A pot experiment was conducted under natural conditions at Melkasa Agricultural Research
Center, Central Ethiopiato study the effects of various levels of nitrogen, applied as ammonium nitrate
(NH4NO3), ammonium sulfate (NH4)2SO4, urea (NH>CONH,), chicken, cow, and goat manure on
branched broomrape (Orobancheramosal..). Parasitismoccurred mostin untreated and treated potswith
low N fertilizer and manure. Ureaat 276 and 207 kg N/ha, ammonium nitrate, and ammonium sulfate at
207 kg N/haand the goat manure at 20 and 30 t/hawerefound to be most effectivein reducing parasitism
and enhancing growth of tomato plants. Even though drasti c reduction of branched broomrapeinfestation
was obtained, ammonium nitrate and ammonium sulfate at 276 kg N/ha seemed to beinjuriousto tomato
plants. As nitrogen rates increased, the numbers and dry weights of shoot of branched broomrape
decreased and the yields of tomato increased linearly except the yields obtained from the highest rate of
ammonium nitrate and ammonium sulfate. Thisresult indicated that branched broomrapeinfestation of

tomato decreased with increases of soil nitrogen.

Key words: branched broomrape, tomato, animal manure, nitrogen fertilizer, parasitic weeds

INTRODUCTION

The branched broomrape is an obligate
root parasite of many economically important
dicotyledonous crops such as tomato (Figure 1),
tobacco, potato, cabbage, eggplant, carrot, mustard,
and sunflower. Its area of distribution is
predominantly intheMiddleEast, Eastern Europe,
theMediterraneanbasin, Western Asig, East Africa
and America(Pieterse, 1979; Jain and Foy, 1989;
Parker and Riches, 1993; Press and Grave, 1995;
Yokotaet al., 1998; Yoneyamaet al., 2001).

Among the four species of the genus
Orobanche occurring in Ethiopia Orobanche
ramosaL.isthemost prevalent and devastatingin
the central rift valley, where the main vegetable

crops are grown in the country. It mainly threats
tomato production. Many tomato fields are
abandoned and replaced by other cropsinthearea
(Ahmed and Mohammed, 1992; Parker, 1992;
Beyeneshand Geberemariam, 1994). Ecologically,
branched broomrape is found in open, sunny
habitats that would favour increased transpiration
(Musselman, 1980).

The seeds of this parasitic weed are dark
brown oval andtiny, measuring approximately 0.2
by 0.3mm. They areknowntoremainviableinthe
soil for up to 20 years. In order to germinate,
broomrapeseedsrequireaperiod of preconditoning
and the presence of a germination stimulant, a
chemical signal exuded by ahost (or non-host). In
the total-host relationship, two phases must be

1 MelkasaAgricultural Research Center, Nazareth 436, Ethiopia.
2 Department of Agronomy, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.
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Figurel Branched broomrape attached with
tomatorootsa: tomato plant; b: branched
broomrape; c: root attachment.

recognized. In the first phase, the host root
stimul ates the seed to germinate and inducesit to
produce an independent seedling; in the second
phase, the seedling becomesattached to theroot of
the host and thereafter exists parasitically uponit.
The restriction of host species refers in many
instancestothe second phases; thefirst stimulation
can be probably given by the roots, which are
never parasitized (Musselman, 1980; Jain and Foy
1989; Westwood and Foy, 1999; Joel, 2000;
Morozov et al., 2000).

Likeall membersof thefamily whichtotally
lack of chlorophyll hence it lacks the ability to
synthesize its own food. It severely reduces crop
yield by drawing carbon, nutrients, and water
through haustoria that connect the parasite to the
host's vascular system. Severe infestations of
tomatofield by thisparasiteseriously reduceyield
and can lead to total crop failure, especialy if
plants are infested during their early stages of
development (Kasrawi and Abu-lrmaileh, 1989;
Nandula et al., 1996; Westwood and Foy, 1999,
Morozov et al., 2000). Hand pulling is used
widely to control branched broomrape but it is

inefficient because damage from the parasite
normally occursprior to broomrape emergence. It
is aso injurious to tomato plants (Abu-Irmaileh,
1979; Parker and Wilson, 1986; Thahabi, 1994).
Optionsfor branched broomrapecontrol arelimited
for most crops because of lack of mechanical
control and reliable, selective herbicides. Various
aternativecontrol strategieshavebeentested, and
onethat hasreceived considerable attentionisthe
useof nitrogenfertilizers. High nitrogenapplication
reducesdevelopment of O. aegyptica Pers. and O.
crenata Forsk. Similarly, nitrogen reduces O.
ramosa L. infestation on tomato and tobacco and
reduces O. crenata infestation on faba beans.

Ghosheh et al. (1999) suggested apossible
useof olivejift asaninexpensiveorganic material
for branched broomrapecontrol. FarmersinJordan
have commonly observed that the addition of
manureto soil reduced theinfestation of broomrape
intheir fields (Abu- Irmaileh, 1979). Few farmers
in Ethiopiasuggested that thegoat manureshowed
effective control of Orobanche spp. Hence, this
experiment wasinitiatedtoinvestigatetheinfluence
of nitrogen fertilizers and animal manures on
branched broomrape (Orobancheramosa L.) and
tomato (Lycopersicon esculentum Mill.).

MATERIALSAND METHODS

A pot experiment was carried out under
natural conditions at Melkasa Agricultural
Research Center, Central Ethiopia. Randomized
completeblock designswithfour replicationswere
used. Threeinorganicfertilizers, each at four rates
were used as treatmentsin experiment |, whereas
three organic fertilizers (manure), each at three
rates were used in experiment I1.

Branched broomrape seeds were collected
from Nura Era state farm tomato fields. Soil and
sand were sterilized in oven at 105°C for 24 hours
before planting. The organic matter content and
chemical composition of thesoil and manurewere
analyzed before planting (Table 1 and 2). Plastic
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Table1l Organic matter content and chemical composition of the soil used in the potting media.

Texture (%) Texture pH EC CEC oM Total N P
Sand Silt Clay class 1:25 1:25 (%) (%) (ppm)
57.3 94 11.3 Sandy 7.8 0.449 5525 1.96 0.097  14.96
loam

Table2 Analysisof anima manure after decomposed for 7 years and stored under shading condition.

Type of manure PH OM (%) Tota N (%) P (ppm)
Chicken 6.53 21.08 1.82 237.13
Cow 7.68 21.93 1.89 83.33
Goat 8.15 31.32 2.7 150.50

pots (22 cm diameter) of 18 cm in height with
holes at the bottom were filled with soil mix (3
soil: 1 sand), 4 kg per pot. Composted manure for
7 years also mixed with the soil mix and filled the
pots. Thesoil wassandy loam, with pH of 7.8 and
electrical conductivity of 0.449 (Table 1). Tomato
seeds were planted in the seedling trays (30 cm3/
cell). Thevariety of tomato used wasRomaV FN.
A hundred mg of branched broomrape seedswere
mixed with 200 g sand and thoroughly mixed with
600 g soil mixed by passing through a plastic
funnel five times in each case and added to the
upper 2 cm of the pots. The pots were irrigated
with 200 ml of tap water every day for threeweeks
in preconditioning. Five weeks-old tomato
seedlings (at four leaves stage) were transplanted
into plastic pots (one plant/pot). Recommended
rate of phosphurous (92 kg P/ha) for tomato was
applied as blanket application on al pots treated
withinorganicfertilizersincluding controls. Triple
super phosphate (TSP) and urea were used as
source of P and N, respectively. All N sources of
inorganic fertilizers were splitted in to three and
applied at 15 daysafter transplanting, at flowering
andat fruitingstages. Thesefertilizerswereapplied
on moist soil by spreading on the soil surface and
irrigating immediately. Emerged branched

broomrapeflower shootswerecounted every week.
The average air temperature and rainfall over the
growing periodwere23°Cand 59 mmrespectively.

At the end of the experiment (four months
after transplanting), the soil waswashed carefully
from the roots, and the heights and fresh weights
of tomato shoot and root weretaken from each pot.
Tomato shoots and roots, branched broomrape
shootsweredriedintheovenat 70°Cfor 48 hours.
Number, dry weight of branched broomrapeflower
shoot, fruit number, yield, tomato shoot height and
root length, tomato shoot and root dry weight were
taken as parameters (Ahmed and Parker, 1986;
Jain and Foy, 1992). The data were subjected to
analysisof variance and the meanswere separated
by Duncan’s multiple range test at 5% level of
significance.

RESULTSAND DISCUSSION

Effects of nitrogen fertilizer on the parasitism
of tomato plant by branched broomrape
Parasitism occurred mostly in pots,
untreated and treated, with low N- fertilizer. Urea
at 276 kg N/haand ammonium nitrateat 207 kg N/
hawere the most effective in reducing parasitism
and enhancing growth of tomato plants. The
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application of ammonium nitrate and ammonium
sulfateat 276 kg N/hacausedreductioninbranched
broomrapebut they wereinjurioustotomatoplants.
Similar results were obtained by Abu-Irmaileh
(1981), who reported that the higher rates of
NH4NO3zand (NH,4)2SO4wereinjurioustotomato
and tobacco plants.

Theaveragenumber of branched broomrape
attachment on tomato plants in the non-fertilized
pots was 21 (Table 3). The high numbers of
branched broomrape also occurred in potstreated
withlower rates(69kgN/ha) of ammoniumnitrate,
ammonium sulfateand ureawith averagenumbers
of branched broomrape attachment on tomato
plantswere13, 16 and 15respectively. Theaverage
number of branched broomrape in pots with high
fertility was3-5. Mean shoot dry weight of branched
broomrape per tomato plant in untreated pot was
high as5.5 g, whereas mean of shoot dry weight of
branched broomrape per tomato plant was 0.6-
1.35ginwell fertilized pots. Thegrowth of tomato
plants, in untreated and treated with lower rates of
nitrogen was considerably poorer than that of
tomato plants treated with higher rates.

The average shoot height and dry weight,
averageroot lengthand dry weight, andyieldwere
38cm, 16 gm, 25 cm, 3 gmand 147 g respectively
in untreated pots. This reduction in growth of
tomato plant was partly related to the numbers of
broomrape parasite attached to each tomato plant.
In general, the maximum reduction in branched
broomrape parasitism occurred in pots fertilized
with ammonium nitrate, anmonium sulfate and
ureaat 276 and 207 kg N/ha. The highest rates of
ammonium nitrate and ammonium sulfate could
not be acceptable dueto asevere injury to tomato
plants. There was no significant difference of
parasitism between pots treated with urea at 207
and 276 kg N/ha, ammonium nitrate at 207 and
276 kg N/haand ammonium sulfateat 207 and 276
kg N/ha. Hence ammonium nitrate, ammonium
sulfate and ureaat 207 kg N/hawere the optimum
levelsin controlling branched broomrape.

Abu-Irmaileh (1981) reported that
ammonium nitrateand ammonium sul fatereduced
thebiomassof branched broomrapeontomatoand
tobacco grown in pots. Ammonium nitrate with
potassium phosphate or ammonium phosphate
alone was the most effective in reducing O.
aegyptiaca parasitism by enhancing growth of
tomato plants (Jain and Foy, 1992). Westwood
and Foy (1999) confirmed that nitrogen in the
ammonium formwasmoreinhibitory than nitrate.
Y oneyamaet al. (2001) reported that theproduction
of clover broomrape seed germination stimulant
was inhibited by phosphate (NaH,PO,4) and
ammonium sulfate (NH4)»>SO4 High nitrogen
application was also reported to reduce parasitism
of scalloped broomrape on broad beans and
parasitism of witchweed on sorghum (Abu-
Irmaileh, 1981).

Effects of animal manure on the parasitism of
tomato plant by branched broomrape
Nomuchwork hasbeendoneontheorganic
fertilizer to control Orobanche spp. Astheresults
indicated, the higher average number and dry
weight of branched broomrape shoots and the
lowest yield were obtained from untreated pots.
Therecommendedfertilizer without parasiticweed
gave the yield of tomato equal to that by the
application of goat manure at 20 and 30 t/hawith
parasiticweed (Table4). Astheweight of manure
increased, the average number and dry weight of
branched broomrapedecreased andyieldincreased
linearly. The application of goat manure at 20 and
30 t/ha reduced branched broomrape infestation
effectively but the rate of 30 t/ha reduced more.
This might be due to high content of nitrogen
compound (Table 2). There was no significant
differenceof yield between thesetwo ratesof goat
manure. That goat manure at 20 t/ha could be
adequate to reduce parasitism of branched
broomrape in tomato. This result agreed with
Haidar et al. (2002), whoindicated that goat manure
20 t/ha significantly reduced Orobanche ramosa



315

Kasetsart J. (Nat. Sci.) 38 (3)

PAS[%4G T 1531 8buel aidn|nw s Ueoun 01 Buip.oode Juese 4P AIUedfIub S 10U 88 UWiN|00 SLesS 8y} UIYIIM SIB18 | SWes 8yl AQ PeMO|[0fSUes N 1

egerd 7961 1181 €822 2901 €0, Sy z6°L % AD
20T qov 9q0Gey  9q0°L %0 q0Ge 29022 80 0'S§ N9/Z ansered +¥0S ¢ (FOHN)
NTT q0s 20879 9P06 poL P ooy 6oce 6oeL N 202 aysered +¥0S ¢ (FOHN)
PLZ POO'TT 0Ty 990°L 207§ 20TY 3P 0'se 10'T9 N 8ET aysered +¥0S ¢ (FOHN)
28%¢ 1097 q0's.e a09 oY qoze q0Te 29 0'8Y N 69 ausered +¥0s ¢ (FOHN)
a90 qoe 90T 0990L eQe qose PO 02 30 0'S N9/Z aysered + EONVOHN
e 80 qoe€ 90TLL 200T 30TT p o8y yoze 4098 N 202 alsered + EONYOHN
pee 206 POTES POO8 % 0P 2007 BO./Z 60TL N 8ET asered + EONYOHN
at'e 3P OET q0TPy  290°L qeoe qoee 20€ Pg 0'0S N 69 aysered + EONVOHN
e .o qoe 90'89. 30°0T 30TT P o6y yo'le uovs N9/Z alsered +eaIn
avT q0s 90/59 9p06 poL p ooy 6oee 6oeL N 202 alsered +eaIn
PO 2 2007 POO9TS  P208 207G 202y 1082 3P 0'9G N 8€T a)sered +eaIn
CPNS 180T 99 0'06€ q09 ® 0t qo€e 990'€2 qoor N 69 alsered +eaIn
1G'G 60Tz e YT eQe eQe e0'qe e 09T e0'8e a1sered + N -ON
00 00 Oy  290°L 290 20TY 3P 0'Se m 0.5 alsered — N -ON
(d (1d/B) (1d/B) (ey /6x)
orwo) /6) 1d orewo) / M (wo) M (wo) okl
M Aip dsered (d/ B6) (1djou) Aig ybue g wbeH  Bzined Juswiea. |
100US jo 'ON PRIA 1N 1004 100US
adeJwoo.q payoue.g olewo |

"ade.woo.q payouelq Aq 1ue(d orewo) Jo wsniseled ay) uo Jezijnie) usboniu J0s19)g £9aldel



316

Kasetsart J. (Nat. Sci.) 38 (3)

Table4 Effects of animal manure on parasitism of tomato plant by branched broomrape.

Treatment Nutrient Tomato Branched
rate broomrape
(t/ ha) Shoot Root Fruit  Yield No.of Shoot
Height Dry Length Dry (noJ/pt) (g/pt) parasite/ dry wt.
(cm) wit. (cm) wit. tomato  (of
(9/pt) (9/pt) pt  tomato
pt)
No- N fertilizer 50.0bdY 220e 33.0df 50ab 7.0bc 4140bd 00a 0.0a
- parasite
No- N fertilizer 36.0a 120a 200a 20a 30a 117.0a 230h 6.4]j
+ parasite
Recommended 138kg 65.0g 37.0i 470i 95e 100e 759.0e 00a 00a
fertilizerrn N +92
- parasite kg P
Recommended 138kg 56.0de 25.0f 36.0ef 7.0bc 8.0cd 513.0d 9.0d 16cd
fertilizr - N +92
+ parasite kg P
Chicken manure 10 440b 140a&b 220ab 3.0ab 60b 3300b 16.0g 4.2l
+ parasite
Chicken manure 20 53.0de 18.0cd 29.0fg 4.0cd 7.0bc 423.0bd 13.0ef 28fg
+ parasite
Chicken manure 30 580e 240¢ef 36.0hi 6.0cd 80cd 507.0cd 100d 1.8de
+ parasite
Cow manure 10 46.0b 16.0bc 240ac 3.0a 6.0b 3480b 16.0g 4.0hi
+ parasite
Cow manure 20 540ce 19.0d 30.0ce 50bc 7.0bc 438.0hbd 12.0e 24¢f
+ parasite
Cow manure 30 59.0e 250ef 37.0ef 6.0ce 80cd 5190d 90d 1l4cd
+ parasite
Goat manure 10 470bc 19.0d 28.0bd 40bc 6.0b 381.0bc 14.0f 3.4gh
+ parasite
Goat manure 20 580e 29.0g 39.0fh 7.0de 9.0de 645.0e 6.0c 1llbc
+ parasite
Goat manure 30 61.0fg 340h 440g 90e 100e 7260e 30b 06ab
+ parasite
CV % 7.8 84 125 270 20.8 172 123 199

Y Means followed by the same letters within the same column are not significantly different according to Duncan’s multiple

range test at 5%level
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i nfestationthroughout thegrowing seasoninpotato.

Thehigher rates(30t/ha) of cow and chicken
manure aso gave good reduction of branched
broomrape. There was no significant difference
between these two treatments. However, goat
manure at 20 t/ha was more effective and
economical to reduce branched broomrape as
compared with cow and chicken manures at 30 t/
ha(Table4). Not only animal manurebut thegreen
manure also reduces broomrape infestation.
Ghosheh et al. (1999) revedled that olive jift (a
solid by-product of olive) in soil also reduced
broomrape infections.

Branched broomrapeinfestation of tomato
decreased withincreasesof soil nitrogen. Because
of the complex interaction among host, parasite,
and the environment, it has been difficult to
determine the mechanism by which N reduces
branched broomrape infestation. The different
experiments pointing to different nutrient or soil
factors may indicate that the nutrients are
influencing the host parasite relationship in more
than one way (Westwood and Foy, 1999). As
reviewed by Jainand Foy (1992), someresearchers
have reported that the addition of manure and
certain synthetic nitrogenous fertilizers result in
improved cropyieldsdueto adetrimental effect of
the fertilizers on the parasitic infestations, but
others have attributed the beneficial effects of
nitrogenous fertilization directly to improve crop
performance and tolerance to attack by parasite.
Abu-Irmaileh (1994) reported that the mechanism
by whichnitrogen affecting seed germination might
bethroughitseffect onreducing potassiumuptake,
since broomrape seeds had a high demand for
potassium. Inother parasitic weedsasreviewed by
Westwood and Foy (1999), who suggested that
nitrogen reduced damage by witchweed (Striga
hermontica) growing on sorghum by enhancing
the host’ s ability to maintain afavorable osmotic
potential. Several authors reported direct toxicity
by nitrogen fertilizers to seeds of broomrape and
witchweed. Westwood and Foy (1999), reported

nitrogen in ammonium form to be moreinhibitory
than nitrate but they concluded that it was the
elongation of theseedlingradiclethat wasprimarily
inhibited by ammonium, rather than the seed
germination itself.

CONCLUSION

The influence of nitrogen from inorganic
fertilizers (NH4N03, (NH4)2804, NH>CO NH2)
andorganicfertilizers(chicken, cow, goat manure)
on parasitism of tomato plant by branched
broomrapewasinvestigated on sandy loam soil in
pot experiments. The results revealed that urea,
ammonium nitrate, and ammonium sulfate at 207
kg N/ha and the goat manure at 20 t/ha were
effective in reducing parasitism and enhancing
growth of tomato plants. Hence, the effect of these
nitrogen fertilizers and animal manure should be
tested in thefield.
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Respiration Rate and a Two-component Model of Growth
and Maintenance Respiration in L eaves of Rubber
(Hevea brasiliensisMuell. Arg.)

Krissada Sangsingl, Poonpipope Kasemsap?, Sornprach Thanisawanyangkura3
Eric Gohet* and Philippe Thaler4

ABSTRACT

The future information of leaf selection for studies on respiration rate and leaf greenness, and
position variations of different rubber cloneswasinvestigated. Respiration rate and greennesswerenon-
significantly different between leaf position (leaf No. 1, 2 and 3) and |eaflet position (left, middle and
right), but they weresignificantly different among clones. Duringleaf expansion, respiration rate per unit
leaf area declined with leaf age, but the differences were not obviously detected among clones. Leaf
expansion rate was sigmoid shaped curves, and increased with |eaf age. Relative growth rate on an area
basis (RGRy¢) Of leaf declined with age. At fully expanded leaf of PB 235, RRIM 600, PB 260 and GT
1 clones, the greatest leaf area was found in PB 235, and the least in GT 1. For crop growth model
development and environmental response studies, atwo- component model of growth and maintenance
respiration wasused inleavesof rubber. Growth respiration coefficientswere non-significantly different
(ranging from 4.928 x 10° to 5.678 x 10° umolCO, m2) among 4 rubber clones. While, the greatest
maintenance coefficientswerein RRIM 600, PB 60, GT 1, theleast wasin PB 235. In particular, strong
positive correlation between respiration rate and RGRyeq Was found for all clones. Maintenance
respiration wasweakly related with leaf temperature, but growth respiration wasnot significantly related
with leaf temperature.

Key words: relative growth rate, leaf expansion, growth respiration, maintenance respiration, leaf
greenness, hevea and rubber

INTRODUCTION

Respiration is an important process to
transformthesubstrateinto necessary intermediates
and transform some of stored energy into usable
energy. These products are necessary for growth,
maintenance, uptake of nutrient and transport of
materials. However, the process often uses a

significant fraction of the carbon fixed daily via
photosynthesis and it is an important component
of plant productivity and carbon balance (Amthor,
1989). Carbon loss from respiration process
accounts for over 50% of gross primary
productivity. Respiration is widely recognized as
animportant processin studiesof plant responseto
environmental change (Wullschleger etal., 1992).
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Total respiration is the sum of growth
respiration and maintenance respiration. Growth
respiration is the respiration required in the
synthesis of new phytomass, while maintenance
respiration supplies the energy to keep existing
phytomass in a healthy state (Amthor, 1989).
Growth respiration can be used to calculate the
conversionefficiency and maintenancerespiration
is used to determine the maintenance coefficient.
Both the conversion efficiency and maintenance
coefficient areimportant parametersincropgrowth
models(lersel, 2000). Moreover, respirationmodel
has been used in the study of plant response to
water deficit, salinity and ozone (Amthor, 1988;
Woullschleger et al., 1996) CO, (Hrubec et al.,
1985; Waullschleger et al., 1992; Thomas €t al.,
1993; Ziskaand Bunce, 1993; Thomasand Griffin,
1994; Wullschleger et al., 1994; Bunch, 1995).

A positive correlation between respiration
and growth ratesiscommonly observed (Amthor,
1989; Poorter et al., 1990). However, a negative
correlation between yield and respiration isfound
in forage crop, and the respiration rate has been
used as an index for breeding selection in this
species (Wilson and Jones, 1982; Kraus et al.,
1993).

Rubber tree is a major natural rubber
resource. Presently, over 9.76 million hectares of
rubber tree are cultivated in the world (RRIT,
1999b). Photosyntheticrateinsevera rubber clones
has been reported (Samsuddin and Impens, 1978
ab, 1979; Ceulemans et al., 1984; Samsuddin,
1987; Natargja and Jacop, 1999). Nonetheless,
respiration rateand partitioning of respirationinto
the components contributing to the growth
respiration and maintenance respiration are still
poorly documented. Therespiration knowledgein
rubber leaves is required for studies on carbon
balance, plant growth model development and
plant environmental response. Moreover,
respiration performance may be used as an early
parameter in rubber breeding program.

The objectives of this study were (1) to

compare respiration rate and leaf greenness
between leaf position and | eaflet position and also
among rubber clones, (2) to partition respiration
model into leaf growth respiration and |eaf
mai ntenance respiration.

MATERIALSAND METHODS

Plants materials

Experiments were conducted between
October 2000 and April 2001 on six different
rubber (Hevea brasiliensis) clonesin growth rate
andyield (RRIT, 1993; 1999a). The clonesRRIM
600, PB 260, PB 235 PR 255, BPM 24 and GT 1
were selected. For RRIM 600, PB 260 PR 255 and
BPM 24 arein thefirst class, whilethe PB 235 is
the second class, and the GT 1 is not recommend
clone in categorized class among clones
recommended for commercial plantation of Rubber
Research Ingtitute of Thailand (RRIT, 1999a).
Budded scions were grown in small containers
until they produced two flushes of leavesand then
transplanted in August 2000 into a2.55 x 3.25 m?
block containing Pakchong soil seriewith 75x 75
cm plant spacing. In addition, some plants were
transplantedin February 2001 intothe 1501 plastic
pots containing Pakchong soil serie. Plants were
placed in the nursery under natural conditions at
Department of Agronomy, Faculty of Agriculture,
Kasetsart University, Bangkok, Thailand. All plants
were daily watered to saturation and cultivated
following the RRIT recommendations.

Experimental design

Two separate experiments were carried
out. Experiment one was designed to investigate
the influence of leaf position on respiration rate
and leaf greenness among 5 rubber clones (BPM
24, RRIM 600, PB 235, PR 255 and GT 1). The
positionincluded threeleaf positions (leaf number
No.1, 2 and 3 upward from the bottomto thetopin
theflush) andthreel eafl et positions(leafl et position
asright, middleand left position when seethe | eaf
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from the stem). Definition, number of leaf and
leaflet position are shown in Figure 1.

Experiment twowasconducted tocompare
|eaf respirationratesamong 4 rubber clones(RRIM
600, PB 235, PB 260 and GT 1) and partitioning
into growth and maintenance respiration.

L eaf growth measurements

In experiment two, two leaves per plant
(leaf position 1 and 3) were selected for leaf area
determination. Leaf areawasdaily estimated (non
destructive) on expanding leaves as well as fully
expanded |eavesby drawing onintact |eavesunder
overhead projector film, and calculated leaf area
from overhead projector film weight. Leaf area
wasestimated several daysapproximately 12 hours
before and after gas exchange measurement.
Measurement was done until leaf fully expanded.

Gas exchange measurements

For experiment one, respiration
measurements were carried out between 18.00-
20.00 h using a portable photosynthesis system
model Li-6400 (LiCor Inc., Lincoln, Nebraska,
USA). For eachleaf, respirationrateweremeasured

Flush <

Stem

Left leaflet

Petiole

at PPFD=0umol m2s'1and CO, =350 ppm. L eaf
temperature and humidity in the leaf chamber
were maintained at 27+2 °C and 45-60 % RH,
respectively. Following each respiration
measurement, leaf greenness on the leaflet was
measured using a SPAD-502 Chlorophyll Meter
(Minolta Camera Co., Ltd., Japan).

For experiment two, dark respiration rate
(Ry) or CO» efflux during the night on individual
trifoliate leaf was measured using a portable
photosynthesissystemmodel Li-6200(LiCor Inc.,
Lincoln, Nebraska, USA). Thedifferencebetween
CO, concentration entering leaf chamber and
sampling from leaf chamber was measured.
M easurements on the same leaf used for |eaf area
estimation weremadedaily during 18.00-21.00 h.
Respiration chambers were constructed of PVC
pipe and completely enclosed one trifoliate leaf.
Chamber volumewas 604 or 1816 cm3 depending
onleaf area. Air entering thesystem passed through
a5 buffer volumeandflowed throughthechamber
at 1000 umol s1. The CO;, partial pressure during
measurement was approximately 360 ppm. Leaf
temperature was measured by Noncontact
Thermometer model Raynger® ST (Raytek Cor.,

L eft leaflet

Middle leaflet

Right leaflet

Middle leaflet

Right leaflet

Figurel Leaf and leaflet characteristics of rubber and the definition of leaf and leaflet name.
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CA., USA)) immediately after Ry measurement.
Following each temperature measurement, |eaf
greennessontheleaf wasmeasured usingaSPAD-
502 Chlorophyll Meter (MinoltaCameraCo., Ltd.,

Japan).

Ry was calculated using equation,
ACO,F
Ra = — A 1)

where ACO», = the difference in CO,
concentration between sample and reference
(umolCO, umolgast)

F = flow rate through the desiccant
(umolgas s'1)

La = leaf area (M?)

Theleaf areainequation (1) wascal culated

Laa+Lap
e @)
where La, = the leaf area after gas
exchange measurement (m?)
Lap = the leaf area before gas
exchange measurement (m?)

Dark respiration was partitioned into
functional componentsof growth and maintenance
using the following equation, modified from that
of Amthor (1988)

R = m+ gRGRyen 3)
where R = darkrespirationrateexpressed
on aleaf areabasis (umol CO, m2 s1)
RGRyeq = relative growth rate of leaf on
an areabasis (M2 m2 s1)

Based on the regression equation of
respiration rate versus RGRyre, the maintenance
coefficient, m (umol CO, m2s1), ory intercept,
is the amount of carbon respired to support the
existing amount of leaf area, and the growth
coefficient, g (umol CO, m) or slope, is the
amount of carbon respired per unitincreasein leaf
area. The RGRyeq Was calculated by using the
equations of Thomas and Griffin (1994), Thomas
et al. (1993), and Wullschleger et al. (1996):

Leaf area =

RGRy e = InLAa;InLAb @)
where Lag = the leaf area after gas
exchange measurement (m?2)
Lap =the leaf area before gas
exchange measurement (m?)
t=M time between leaf area
measurement in seconds ()

Data analysis

Analyses of variance of the effect of leaf
position, leaflet position and clone on respiration
rate and leaf greenness were analyzed using
Statistical Analysis System, SAS (Institute, North
Carolina, USA). Growth and maintenance
coefficientswereestimated usinglinear regression.
Standard errors of mean of measurement
parameterswereal soanalyzed usingthe Statistical
Analysis System, SAS (Ingtitute, North Carolina,
USA).

RESULTS

Effect of leaf position on respiration rate and
leaf greenness

Leaf position (node No. 1, 2 and 3) and
leaflet position (left, middle and right) did not
significantly affect leaf respiration rate and leaf
greenness. However, leaf respiration rate and | eaf
greenness were significantly different among
rubber clones. ThecloneGT 1 and PR 255 showed
higher respiration ratethan thetwo groupsmadeof
BPM 24, RRIM 600 and PB 235. GT 1 showed
higher greennessthan al the other clones. Leaf of
PB 235 was greener than those of BPM 24 and
RRIM 600. PR 255 was in between these two
groups (Table 1).

L eaf area expansion and relative growth rate

From data collected over leaf expansion
period, leaf areaexpansion showed similar trends,
sigmoid increasing curves for all clones. During
the first 5 days after leaf unfolding, leaf area
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Tablel Analysisof variancesand effectsof clone, leaf position, leaflet position on leaf respiration rate
and leaf greenness measured on 5 rubber clones.

Effect Respiration rate Leaf greenness
(mmol CO, m2s1) (SPAD Unit)
Clones
BPM 24 117b 2286 ¢
RRIM 600 1.13b 22.03c
PB 235 0.57c 26.48 b
PR 255 1.60a 24.64 bc
GT1 167a 33.64a
p=0.0001 p= 0.0001
n=27 n=27
Leaf position (node)
1 132a 26.09 a
2 126a 2521a
3 110a 26.43 a
p=0.2726 p= 0.5908
n=45 n=45
Leaflet position
Left 123a 25.88 a
Middle 12la 25.98 a
Right 124a 25.88 a
p=0.9705 p=0.9949
n=45 n=45
CV% 54.71 22.37

For each effect, datawith common letters were not different at the 0.05 level by DMRT.

expansion increased slowly and then rapidly from
5-12 days. Thirteen days after leaf unfolding, |eaf
becomesfully expanded. Mean areas of leaf No.1
and No. 3of thetopflush, clonePB 235and RRIM
600 were significantly greater than those of PB
260 and GT 1 (Figure 2). Relative growth rate on
an areabasis (RGRgreq) Of rubber leaves declined
with leaf age, but there were not obvious
differentcesamong clones. At fully expanded | eaf
(about 13 days after unfolding), RGRyeq became
zero (Figure 3).

Respiration rate and leaf age relationship

The relationships between respiration rate
and | eaf ageappearedto havesimilar trendsfor the
4 clones. During the first period of 2-3 days after
unfolding, leaf respiration rates of GT 1, PB 235
and RRIM 600 were high about 9-11 umol CO, m-
251 The rate of respiration rapidly decreased
during 5-10 days. At 13 days after unfolding,
respiration rates of all clone ranged about 1-2
umolCO, m2s'1 (Figure 4).
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Figure2 Mean leaf areaexpansion rates (leaf No. 1 and No. 3) with leaf ages of 4 rubber clone. Error
bars represent one standard error of mean (n=4).
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Figure3 Relative growth rates on an area basis
with leaf ages of 4 rubber clone. Error
bars represent one standard error of
mean (n=4).

Two components model of respiration rate
Aspredicted by the two-component model
of growth and maintenance respiration, there was
astrong positive relationship between respiration
rate and RGRy; ¢4 for al clones (Figure5). Growth

Rd (molCO2 m2s1)
(o))
1

Leaf Age (day)

Figure4 Relationship between respiration rates
per unit of area and ages of leaf in 4
rubber clones. Error bars represent one
standard error of mean (n=4).

respiration coefficients estimated from the slope
of thisrelationshipwerenon-significantly different
among 4 rubber clones (4.928x10° to 5.678x10°
umolCO, m?) (Table 2, line in Figure 5). In
particular, growth respiration coefficients during
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Table2 Growth and maintenance coefficient respiration, leaf greenness and mean fully expanded |eaf

area (leaf No. 1 and 3) of 4 rubber clones.

Clone Growth coefficients Maintenance coefficients Leaf area
(umol CO, m2x10°) (umol CO, m2s1) (cm?)
RRIM 600 5.224+1.119a 0.620+0.1233a 224+36ab
PB 260 4.928+0.485a 0.617+0.127a 184+20ab
PB 235 5.376+0.373a 0.367+0.098b 231+28a
GT1 5.678+0.663a 0.613+0.073a 178+39b

Values are meanstSE. Means within a column with the same letters are not significantly different at 0.05 (n=4).

Respiration rate
(umol m2s1)

Respiration rate
(umol m2s1)

RRIM 600

PB 260

0 T T T T T
00 02 04 06 08 10

RGRarea (m? m? s1) X10®°

12 00 02 04 06 08 10 12

RGRarea (m? m2 s!) X10®

Figure5 Respirationrates(Ry) asafunctionof relativegrowthrateonanareabasis(RGRgeq) Of 4 rubber
clones. Linesand statistics are linear regression of all values. Dash lines are linear regression
of RGRyea during 0.2x10°°t0 0.6x10°m2 m2 s'1,

liner phase of growth expansion rates (leaf ages
between 6 to 10 days and RGRyeq between 0.2
x105t00.6x10°m2m2s1) arepresentedin dash
lines (Figure 5). The slopes were 5.38 umolCO»
m2, 5.97umolCO, m2, 6.52 umolCO, m2 and
6.76 umol CO, m2in PB 260, PB 235, RRIM 600
and GT 1, respectively. However, growth
respiration coefficients were non-significantly
different between estimated from all expansion
periods(line, Figure5) and estimated duringlinear
phase (dash line, Figure 5). Estimates of the

maintenance coefficient (the y- axis intercept)
weresignificantly differentamong4 rubber clones.
ClonePB 235(0.367 umol CO, m2s'1) wasa most
2 times lower than those of other clones for this
parameter (0.613t00.620umol CO,m2s1) (Table
2). Measurement respiration rates at RGRgrea
<0.01x10°m2 m2s1 (just fully expanded), PB
235 (0.57 umol CO, m2s'1) were also lower than
those of other clones (0.90, 0.87 and 0.70 pwmol
CO, m2slin PB 260, GT 1 and RRIM 600,

respectively).
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Temperature effect

When partitioning respiration rate into
growth and maintenance respiration, maintenance
respiration was weakly related with leaf
temperature, while growth respiration was not
significantly related with |eaf temperature (Figure
6).

DISCUSSION

The significantly wide variations in leaf
respirationrateandleaf greennessobserved among
5 clones (Table 1) indicated a large genetic
variability in carbon exchange capacity in this
species. Theresult wassimilar tothat of Nugawela
et al. (1995) and Natargja and Jacob (1999). It is
very important for next carbon balance study in
rubber.

However, node and leafl et position did not
significantly affect leaf respiration and leaf
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Figure6 Relationship between growth
respiration (top panel), maintenance
respiration (bottom panel) and leaf
temperature of rubber.

greenness. According for the specific growth
pattern of thisspecies(Samsuddinetal., 1978), six
to ten leaf emerged in the same type and in the
same time in each growth flush. Thus, each node
and leaflet was not different in age and
development. In next respiration and greenness
studies in a given clone, any leaves in the same
flush could be used as a good random sample.

Leaf area expansion had similar result to
the other tree species such as yellow poplar
(Wullschleger et al., 1992), northern red oak
(Wullschleger et al., 1996). Relative growth rate
of rubber leaf declined with age was as observed
onmany species(Bunce, 1995). It closedto zeroat
fully expanded leaf.

Average leaf areas of leaf No. 1 and No. 3
of the third flush of a given tree were used to
estimation. Among 4 clones, PB 235 had the
highest leaf areaand GT 1 has the lowest. It was
well known that PB 235 |eaf areawas higher than
those of other clones. However, Gomez and
Hamzah (1980) investigated variation in leaf
morphology and anatomy in 11 clones. Therewere
nosignificant differencesbetween clonesand mean
surface area per leaflet.

Theclone GT 1 and PR 255 (1.6-1.7 umol
CO, m2s'1y showed higher respiration rate than
two groups made of BPM 24, RRIM 600 (1.13-
1.17 umol CO, m2s1) and PB 235 (0.57 umol
CO, m2sl), While, Ceulemans et al. (1984)
observed that respiration rates of 20 rubber clone
variedfrom 1.5umol CO, m2s1t0 7.9 umol CO,
m2s'1, For consideration about the same clones,
PR 255 showed higher respiration ratethan RRIM
600, PB 235 and GT 1. Compare only RRIM 600
to those in the literature, respiration rate in this
study was lower (1.13 umol CO, m2s1) than
those of observed by Natargja and Jacob (1999),
Nugawela et al. (1995) and Ceulemans et al.
(1984) (2.29, 3.12 and 4.95 umol CO, m2s1,
respectively).

According to the two-component model of
growth and maintenance respiration, there was a
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strong positive relationship between respiration
rate and RGRg¢q iN rubber leaves. Here was very
similar to those reported on other species such as
yellow poplar (Wullschleger etal., 1992), northern
red oak (Wullschleger etal ., 1996), cotton (Thomas
et al., 1993) and soybean (Thomas and Griffin,
1994; Bunce, 1995). Inparticular, themaintenance
coefficientsof rubber |eaf showed clonal variation.
There has been few reports of clonal variation for
this parameter in the literature. These results
indicated that when using two-component
respiration model in rubber crop modeling, such
parameter should be determinated for each clone.

Maintenance respiration rate of PB 235
leaf was|ow as compared to the others. PB 235is
known to grow very fast before tapping (RRIT,
19994). Due to success in use of maintenance
respiration as an index for breeding selection for
high growthin ryegrass(Wilson and Jones, 1982,
Kraus et al., 1993), this parameter must be tested
again in widely different growth performance in
rubber clones. Thisisvery interestinginformation.

Differenceof |eaf greennessamong clones,
GT 1 and PR 255 were higher greenness than that
of RRIM 600, which was similarly by reported by
Dansagoonpon (1997).

For an example of temperature effect, the
result suggested that growth respiration was not
affected by temperature, but only maintenance
respiration affected by temperature. However
Amthor (1989) reported that temperature very
strongly influenced respiration rate. Thus, the
knowledge of the effect of temperature on
respiration rate in rubber tree is important to
understanding of the relationship between
respiration and productivity in the future.

CONCLUSIONS

The main conclusions of this study were
(1) leaf position and lesflet position in the same
flush of rubber did not affect respiration rate and
leaf greenness; (2) alinear function of respiration

rate and relative growth rate obtained a two-
component model of growth and maintenance
respiration; (3) differences of maintenance
coefficient were found among rubber clones and
might be used as an index for breeding selection
for high growth clone; and (4) leaf maintenance
respiration affected by temperature.
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