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Ammonium (NH;): Nitrate (NO3) Ratio and its Relation to the Changes
in Solution pH, Growth, Mineral Nutrition and Yield of Tomatoes Grown

in Nutrient Film Technique

MOHD. RAZI ISMAIL and ABD. AZIZ OTHMAN
Department of Agronomy and Horticulture

Faculty of Agriculture
Universiti Pertanian Malaysia

43400 UPM Serdang, Selangor, Malaysia
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ABSTRAK

Pengaruh nisbah NH4:NOj terhadap pertumbuhan, pengambilan air, pH larutan, pemakanan tanaman dan
kasil tanaman tomato telah dikaji menggunakan teknik nutrien cetek. Enam perlakuan rawatan nisbah
NH4

+:NO3 telah diberikan kepada tanaman: 0:100 dengan dan tanpa kawalan pH; 12.5:87.5, 25:15,
37.5:62.5 dan 50:50 tanpa kawalan pH. Kajian mendapati pH didalam larutan meningkat apabila berada
di dalam NH/:N03 dengan nisbah 0:100 dan 12.5:87.5, tetapi menurun pada nisbah 50:50. Nisbah
NH4

+:NO3 yang tinggi mengurangkan pertumbuhan daun dan akar tanaman. Pengurangan ini mungkin di
sebabkan oleh pengurangan pengambilan air. Berat basah buah juga dikurangkan dan peratus kejadian reput
hujung buah meningkat apabila tanaman didedahkan pada nisbah NH4:NO3 yang tinggi. Nisbah NH4*:NO3

yang tinggi meningkatkan kandungan N dan mengurangkan kandungan Ca dalam bahagian tisu tanaman.
Kandungan P, K dan Mg menurun didalam tisu daun dengan peningkatan nisbah NH4: NO3.

ABSTRACT

The effects ofNH4:NO3 ratio on growth, water uptake, solution pH} mineral nutrition and yield of tomatoes were
investigated using the nutrient film technique. There were six NH4*:NO3 ratios: 0:100 with and without pH
control; 12.5:87.5, 25:75, 37.5:62.5 and 50:50 without pH control. There was an increase in pH of the nutrient
solution with 0:100 and 12.5:87.5 ratios, but the pH decreased with 50:50 ratio. Higher NH4*:NOj ratio
reduced leaf and root growth. The reduction in leaf and root growth could be attributed to reduction of plant water
uptake. Fruit fresh weight was reduced and the percentage of blossom-end rot increased with higher ratio of
NH4*:NO3 in the solution. Increased ratio of NH/:NOj increased N content and decreased Ca content in all
the plant tissues. P, K and Mg content decreased in leaf tissue with increasing NH4:NO3 ratio.

INTRODUCTION

Cultivation of tomatoes by conventional
methods on soil in lowland areas of Malaysia is
limited due to the unfavourable weather and
occurrence of soil-borne pathogens. To
overcome these limitations, the technology of
soilless crop production has been developed
and has proved advantageous (Lim 1985).
Nutrient film technique (NFT) is one of the
soilless culture systems used for cultivation of
horticultural crops.

One factor that may contribute to the
effectiveness of mineral nutrition in NFT system
is the form of nitrogen added to the nutrient
formulation. In common with conventional
methods, nitrogen is supplied to the plants in
the form of ammonium ion (NH4

+) and/or
nitrate ion (NO3). Cooper (1979), Iwata (1983)
and Ikeda and Yamada (1984) reported that
growth and plant development are enhanced by
the use of NO3 in the fertilizer formulation.
However, there are also reports indicating better
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growth if both NH4
+ and NOS are used as the N

source (Cox and Reisenauer 1973; Follett and
Doaglas 1987). Costellane et al (1987) reported
maximum growth of tomatoes when 25% NH4

+

was used in the liquid feed. Similarly, Monnerat
et al (1982) reported that NH4

+:NO3 ratio of
60:40 resulted in increased dry weight
accumulation. NH4

+ salts are cheaper sources of
nitrogen than NOS" salts. Furthermore, uptake
of NH4

+ is usually coupled with H+ enrichment
in the nutrient solution which consequently
minimises the rise in solution pH.

This study was undertaken to investigate
growth, water uptake, changes in solution pH,
mineral nutrition and yield of tomatoes grown
in NFT-trough system.

MATERIALS AND METHODS

The experiment was conducted at the
Hydroponic Unit, Universiti Pertanian Malaysia.
The plants were grown under glasshouse
conditions with air temperatures ranging from
27-35°C and relative humidity of 65-80%.

Four-week-old uniform-sized tomato
(Lycopersicon esculentum Mill) plants var. Sweet
Chelsea were transplanted into the NFT-trough
system. The plants were grown in the
recirculating water for one week and then
subjected to treatments of six NH4

+:NO3

treatments (Table 1)
The NH4

+:NOS" ratio was calculated based
on the concentration of salts used in the nutrient
formulation. Cooper formulation full strength
solution (Cooper 1979) was modified so that the
desired NH4

+:NO3" ratio was achieved while the
N level was maintained. Chloride and sulphate
salts were used to replace specific cations and
anions and to maintain a constant solution
conductivity. The treatments were arranged in a
randomized design with four replicates. Seven
plants spaced 40 cm apart in a trough

represented a replicate. Each trough had its own
catchment tank supplying nutrient solution to
the plants (Jarret and Charter 1981). Troughs
were spaced 55 cm apart.

As the relative concentration of salts was not
continuously monitored, the nutrient solution
in the ca tchment tank was replenished
fortnightly. When new nutrient solution was
prepared, pH was adjusted to 6.0 using sulphuric
acid, after which it was not readjusted. Changes
in pH were monitored daily.

After 14 weeks, plants were sampled for leaf,
root and stem dry weight by oven drying at 80°C
for 48 hours. Leaf area was determined using an
automatic leaf area meter (Delta-T Devices).
Leaf area index (LAI) was recorded in week 7
using a 'Plant Canopy Analyser* (LiCor 2000).

Plant water uptake was recorded over 24
hours by measuring water loss from the
catchment tank. Accumulation of radiant
energy was also recorded concurrently with
water loss from the catchment tank using
solarimeters attached to a microvolt integrator
(MV2, Delta-T Devices).

Flower number was recorded to determine
fruit set in the various treatments. Fruits were
harvested at the orange to red stage and the
number of fruits and their fresh weight were
recorded. Fruit physical characters were also
recorded. Fruit diameter was recorded using a
vernier caliper. Total soluble solids were
determined from 2-3 drops of expressed fruit
juice using a hand refractometer. Fruit dry
weight was determined after 72 hours oven
drying at 80°C.

Nutrient analysis was performed on dry
samples of plant parts according to the standard
procedure described by Mohd. Haniff et al
(1990). Plant parts were sampled in week 5 and
12 for mineral nutrition determination. Total N,
P and K were determined using an autoanalyser

TABLE 1
NH4

+: NO3' ratios of fertiliser used in nutrient film technique experiments on tomato

Treatment NH, NO; pH

Tl
T2
T3
T4
T5
T6

0
12.5
25.0
37.5
50.0
0

100.0
87.5
75.0
62.5
50.0

100.0

maintained at 6.0
not controlled
not controlled
not controlled
not controlled
not controlled
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(Technicon Auto Analyser). Ca and Mg were
'determined using an atomic absorption
spectrophotometer.

RESULTS AND DISCUSSION

fH of Nutrient Solution

The pH fluctuated within a narrow range in
weeks 3 and 4 (Fig. la). At this stage, plants
were probably capable of absorbing the
nutrients actively, which would result in less
imbalance of nutrients in the catchment tank.
By weeks 5 and 6, pH of 100% NO, in T6,
showed a marked increase (Fig. lb). On the
other hand, nutrient solution containing NH4

+

ratio of more than 37.5% resulted in a decline
in the pH level, but did not fall below pH 5.5.
In weeks 7 and 8, the pH for T6 exceeded 7,3
[Fig. 1c). In contrast, when the proportion of
\'H/ was 50% (T5) the pH in the nutrient
solution did fall below 5.5. The changes in pH
determined in weeks 10 and 11 followed a
similar trend as weeks 5 and 6 (Fig. Id). The
higher pH values obtained with higher
proportions of NO3 agree with those observed
bylkeda and Osawa (1981). In contrast, higher
proportions of NH4

+ (T4, T5) resulted in
decreased pH in the nutrient solution, which
is attributable to acidification of the nutrient
solution due to the release of H+ in the active
transport of nutrients, a phenomenon reported
by other investigators (Maynard and Barker
1969; Qasem and Hill 1993).

Plant Vegetative Growth

Table 1 illustrates leaf, stem and root growth as
influenced by different NH4

+:NOS ratios. Leaf
area and dry weight were significantly reduced
[Wh NH4

+ higher than 37.5% in the nutrient
solution. For leaf area, increasing the proportion
ofNH; to 37.5 and 50% caused a 17% and 20%
reduction in leaf area compared with the 100%
N03* treatment.

Treatments with higher proportions of NH4
+

reduced plant dry weight, the reduction being
greatest in the roots, followed by stems and
leaves. The NH4

+ ions hasten breakdown of
carbohydrates (Barker et al 1965), uncouple
photosynthetic phosphorylation (Gibbs and

jColo 1959) and play a significant role in the
Eruption of chloroplast membrane (Purich
and Barker 1967).

The present study did not attempt to confirm
the above-mentioned role of NH 4 \ but it
provided evidence that there may be a possible
effect on plant-water relations which caused
reductions in leaf area and dry weight. Fig. 2
illustrates the of influence NH4

+:NO3 ratio on
plant water uptake. Water uptake was reduced
with higher proportions of NH4

+; the effect was
particularly obvious with increasing irradiance.
The role of water relations in influencing growth
when plants are subjected to increasing NH4

+ in
the nutrient solution agrees with reports by Pill
and Lambeth (1977) and Pill et al (1978).
Quebedeaux and Ozbun (1973) suggested NH4

+

N alters the physiological mechanisms involved
in uptake and movement of water. The inhibitory
effect of NH4

+ on water uptake may involve two
mechanisms: NH4

+ may directly interfere with
water uptake, and NH4

+ may cause an anatomical
and physiological change requiring a longer
period for recovery.

Yield

The effect of NH4
+:NO3 ratios on fruit fresh

weight is consistent with fruit yield being reduced
as NH4

+ ratio increases. Increasing the proportion
of NH4

+ to 25, 37.5 and 50% resulted in
reductions in fruit fresh weight compared with
100% NO3- (Table 2). This reduction in fruit
fresh weight may result from reduced assimilate
being translocated due to reduced leaf area
when the proportion of NH4

+ is higher.
Increasing the proportion of NH4

+ to more than
25% significantly increased the percentage of
fruits with blossom-end rot (BER) (Table 3). It
is well known that this disorder in tomatoes is
associated with reduced Ca++ translocation to the
growing region of the fruit (Cerda et al. 1979;
Ehret and Ho 1986). Moreover, the partitioning
of Ca++ concentration in different regions of
leaves and fruit shows a clear involvement of
NH4

+ in suppressing the translocation of Ca*+ to
growing region (Fig. 3). Ca++concentration in
the root did not differ indicating that Ca++ uptake
at the root surface was not inhibited by the
presence of NH4

+ at early stages of plant growth,
but deficiency in Ca++ may arise from
translocation to the actively growing regions.
The NH4

+:NO^ ratio did not produce an
appreciable effect on fruit size, total soluble
solids and percentage of fruit dry matter.
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tp) 7.5

5.0
10

(c)

Fig. 1:

5.G

Changes of pH in the nutrient solution influenced by NH/:N03' ratio at various durations
a) weeks 3-4 b) weeks 5-6 c) weeks 7-8 d) weeks 9-10

600

5 0 0 -

f 400-E
3

I
C

Q.

Fig. 2: Plant water uptake (ml/plant) as influenced by
accumulated radiant energy at different NH*:N0}

ratios. O-0.100; •^25:75 and A= 50:50. Meas-
urement of radiant energy xoas done conecurrentl)
with the plant water uptake throughout the day
therefore radiant energy is not replicated

Fig.

0:100
25: 75
50: 50

l £ d0.05
0:100

25: 75
50: 50

l s d 0.05

0:100 O.55S
25- 75 O.56&
50: 50 0.555

3: Distribution of Ca in leaves, fruits and roots at

week 5
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TABLE 2
Leaf area, leaf, root and stem dry weight of tomato plants subjected to different N H / : N O 3 ratios. Tl=0:100
(pH adjusted to 6.0), T2=12.5:87.5, T3=25:75, T4=37.5:62.5, T5=50:50, T6-0:100; T2-T6 (pH not adjusted)

Treatment

Tl
T2
T3
T4
T5

LSD005

Leaf area (cm2)

6309.30
5933.00
6061.30
5252.50
5110.30

761.20

Leaf

40.2
38.8
38.6
36.6
38.1

1.9

Dry weight (g/plant)
Stem

32.6
31.1
28.9
29.3
29.7

ns

Root

21.7
20.0
20.1
18,5
20.6

2.1

TABLE 3
Effects of NH4

+:NO3 ratio in the nutr ient solution on fresh weight production of tomatoes

Treatment

Tl
T2
T3
T4
T5
T6

LSD0.05

Flower
n u m b e r

(unit)

62
62
64
60
62
61

ns

Fruit
number

(unit)

36
34
34
33
34
36

ns

Fresh weight
(g/plant)

915.55
886.35
688.67
623.91
533.72
857.42

118.12

% of BER

0
2.57

17.97
24.37
37.75
2.72

4.35

Fruit
diameter

(mm)

35.27
34.15
34.27
34.65
34.70
34.70

ns

% dry
matter

5.51
5.37
5.53
5.48
5.42
5.30

ns

Total
soluble

solids
(%)

4.90
4.97
5.00
5.05
5.07
4.72

ns

Means of 4 replication; N H / : N O 3 raUo of; T l & T6=0:100 (with and without pH controlled); T2=12.5:87.5;
T3=25:75, T4=37.5:62.5 and T5=50:50; T2-T5 (without p H controlled)

Mineral Nutrition

% 4-8 illustrate the partitioning of total N, P,
K, Ca and Mg in different parts of the plant. In
week 5, N concentration in young leaves and
fruits generally increased with the concentration
of NH4

+ in the solution (Fig. 4). Similarly, by
week 12, increase in N ratio significantly
increased N in all parts of the plant except in
the stem. The percentage of P in the young
leaves at both harvest dates increased with
increase of N H / in the N ratio (Fig. 5).

Changes in the percentage of P are
associated with the mechanism of active uptake
where anions such as P are present in higher
concentration when NH4

+ is used as nitrogen
Source (Costeliane et al. 1987). Similar
Mechanisms also apply when referring to K
level (Fig. 6) in the plant parts where inorganic

cations such as K+ is depressed with increasing
N H / (Mengel and Kirkby 1982).

The effect of increasing the proportion of
N H / on Ca++ at both harvest dates is illustrated
in Fig. 7. Increasing the proportion of N H / to
more than 35% significantly reduced the
percentage of Ca++ in the young leaves at both
harvest dates and in mature leaves, stems, roots
and fruits at week 12. Pill et al (1978) indicated
that N H / uptake must be accompanied by either
inorganic anion uptake and/or higher organic
anion production, or reduced uptake or
inorganic cations. Furthermore, higher soluble
salt concentration of substrate under N H /
nutrition may render divalent ions less available
than monovalent ions. Our results showed that
there were no significant differences (P>0.05)
between treatments on Ca++ level in roots when
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Roots

Fig. 4: Effects ofNH4*:NOj ratio on the N content in various parts of the plant
a) week 5 b) week 12.

Roots Fruits Young
Leaves

Mature
Leaves

Fig. 5: Effects of' NH*:NO' ratio on the P content in various parts of the plant
a) week 5 b) week 12.

Fruits

3.8

3

2.6

2

1.5

1

0.5

% P

I ' l ' l '

l l 1 1 flf111

III wl

N
•.a

IU. milli l l III

IIU
111(111III

Roots Fruits

Young Mature Stems Roots F ru i t s Young Mature Stems Roots Fruits
Leaves Leaves Leaves Leaves

Fig. 6: Effects of NH/:NOj ratio on the K content in various parts of the plant
a) week 5 b) week 12.
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Young
Leaves

Mature
Leaves

S t
Fruits

Fig- 7: Effects o/NH4\N03 ratio on the Ca content in various parts of the plant
a) week 5 b) week 12.

Young Stem Fruits

Fig. 8. Effects of NH*:N03 ratio on Mg content in various parts of the plant
a) zoeek 5 b) week 12

sampling was done in week 5. Evans and Troxler
(1953) suggested that higher rates of organic
acid synthesis as a result of NH4

+ may immobilize
Ca++ within the roots. However, sampling in week
12 saw Ca++ levels significantly reduced with
increased proportion of NH4\

The effect of the NH4
+:NOg

+ ratio on the
percentage of Mg++ was not pronounced
except for mature leaves when sampled in
week 12 (Fig. 8), Leaf Mg++ decreased at the
.highest NH4

+:NO3 ratios. The mechanism of
this reduction may be similar to those of Ca
and K.

CONCLUSION
The reduction in plant growth with increase in
the NH4

+:NO3 ratio could be due to the
imbalance of nutrient uptake resulting from
changes in the plant-water relationship. There
was a clear increase in fruits with BER with
increase of NH4

+ in the nutrient solution. Since
the occurrence of BER is related to Ca++

concentration, it may be necessary to increase
application of Ca when fertilizer containing a
high proportion of NH4

+ is used in order to
reduce the severity of NH4

+ related BER.
Although NH4

+ is useful in controlling pH level
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in the nutrient solution, our results suggest
that this advantage is offset by the lower yields
obtained at higher NH4

+:NO3 ratios. The
relationship between NH4

+ and changes in plant
water needs to be explored in detail. The proper
NH4

+:Ca++ ratio in the nutrient solution needs
to be determined under conditions where the
N form is NH 4 \
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ABSTRAK

Eksperimen di ladang telah dijalankan untuk mengkaji biologi Idioscopus nitidulus Walk, selepas letusan di
utara Semenanjung Malaysia pada tahun 1986 dan 1987. Pada tangkai bunga jangkamasa perkembangan
jantan ialah 13.77+0.25 hari dan betina 13.5010.60 hari; tempoh inkubasi telur adalah 3.85±2.00 hari.
Lebmpat daun yang dibiak di atas tangkai bunga menghasilkan 277±110 biji telur dengan kadar penetasan
telur 90.218.4%; manakala lelompat daun yang dibiak pada pucuk daun menghasilkan 149157 biji telur dan
kadar penetasan sebanyak 54.8122.0%. Betina yang mengawan hanya sekali menghasilkan 176+72 biji telur,
manakala betina yang mengawan beberapa kali menghasilkan 149±57 biji telur. Longeviti betina (69.8±9.8
hari) tidak berbeza dengan bererti daripada jantan (60.518.5 hari) pada pucuk daun mangga di ladang.

ABSTRACT

Field experiments were conducted to study the biology of the mango leafhopper, Idioscopus nitidulus Walk.,
folfowing outbreaks in north Peninsular Malaysia in 1986 and 1987. The developmental period on inflorescense
was 13.7710.25 days for males and 13.50±0.60 days for females, and mean incubation period of eggs was
18512.00 days. Hoppers reared on the inflorescence produced 277±110 eggs with a hatchability rate of
90.2±8.4%; those on shoots produced 149±57 eggs and had a hatchability rate of 54.8+22.0%. A female mating
only once laid 176172 eggs, whereas multiple mated females produced 149157 eggs. On shoots in the field, the
longevity of females (69.8+9.8 days) was not significantly different from that of males (60.518.5 days).

INTRODUCTION

Mango, Mangifera indica L., in particular the
variety Harumanis (MA 128) is grown exten-
sively in north Peninsular Malaysia. Several im-
portant insect pests are associated with mango
production in Malaysia (Khoo et al 1991). The
mango leafhopper, Idioscopus nitidulus Walk.
(Homoptera: Cicadellidae) is an important pest
of mangoes in Malaysia and Indonesia (Reddy
1975; Tandon and Varghese 1985). Although
species of Idioscopus were recorded in Malaysia
as early as 1924 (Gater 1924) little investigation
has been carried out. These hoppers can pose a
serious threat to the mango industry since their

feeding activity can result in loss of flowers and
reduce fruit set.

Little information is available on mango
leafhoppers, particularly the species /. nitidulus;
an exception is the species 7. clypealis (Bato
1978; Corey 1986). Following outbreaks of I.
nitidulus in 1986 and 1987, a study on the biol-
ogy of this species was conducted.

MATERIALS AND METHODS

The study was conducted in a mango orchard
growing the variety Harumanis in Perlis.

Twenty pairs of adult leafhoppers were col-
lected at random from the mango orchard and
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released into a cage which enclosed a one-week-
old mango inflorescence on a mango tree; the
cage, of dimensions 15 cm length by 18 cm
diameter, was made from fine nylon mesh.
Twenty pairs of leafhoppers were introduced
into a similar cage enclosing a single mango
shoot. The leafhoppers were allowed to lay their
eggs for 12 h, after which they were removed.
The development of the leafhoppers was moni-
tored daily.

Larvae for morphological examination were
fixed overnight in KAAD and AAD solutions
(Peterson 1943). The preserved specimens were
measured for width of head capsule, length of
mouth sheath and body length.

Fecundity and Longevity

A pair of newly emerged adult male and female
hoppers were placed inside a cage enclosing
either an inflorescence or a shoot. The pair
were transferred to another inflorescence or
shoot every 24 h. The fecundity and longevity of
20 pairs were determined.

Single vs Multiple Mating

The effect of mating incidence on egg produc-
tion was studied. For single mating, a newly
emerged female was caged with two males until
mating occurred, after which the males were
removed. For multiple mating, the female was
kept in captivity with two males throughout her
life time. The fecundity and adult longevity of
both single-mated and multiple-mated females
were compared. There were 20 replications.

RESULTS AND DISCUSSION

Egg Development

Eggs were deposited along the rachis of the
inflorescence in clusters averaging 65 eggs/
cluster; each cluster consisting of several rows.
The eggs were partially embedded in the plant
tissue with the anterior end protruding. The
stalked aeropyle, which is a respiratory horn
(Hinton 1981), was clearly visible.

The eggs measured 0.95±0.05 mm in
length. The egg was translucent, smooth and
shining. In the later stage of egg development,
the eye spots of the embryo were visible. The
incubation period on the inflorescence was
3.85±2.00 days. Hatching took place between
0500 and 0900 h.

Nymphal Development

Newly emerged nymph were stationary for
20±5.5 min, after which they began to look for
feeding sites. The sex of the nymph could be
differentiated by the shape and size of the
sheath surrounding the stylet. In males, the tip
of the stylet is broader. On inflorescence, rudi-
mentary wing pads appeared in the 3rd instar
and by the 4th and final instar it resembled the
adult. The number of nymphal instars for both
males and females was based on the width of
head capsules (Table 1). There were five nym-
phal instars on shoots, compared with only
four on inflorescence (Table 2). This phenom-
enon of variation in number of instars was also
recorded for /. clypealis in the Philippines (Bato
1978).

TABLE 1
Mean width (mm ± SD) of head capsules for determining the nymphal instars of /. nitidulus

caged on the inflorescence and shoots of mango var. Harumanis in the field (n=20)

Nymphal
instar

1

2

3 •

4

5

Female

0.47±0.02

0.72±0.09

1.14±0.25

1.59+0.23

Inflorescence

Male

0.47±0.02

0.70±0.07

1.07±0.21

1.45±0.18

Female

(K46 + 0.02

0.65 + 0.03

1.00±0.15

1.38±0.23

1.64+0.20

Shoots

Male

0.46±0.02

0.68±0,10

0.92±0.14

1.43±0.26

1.65 + 0.17
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TABLE 2
Mean duration (days ± SD) of eggs and nymphal instars of /. nitidulus reared on inflorescence

and shoots of mango var. Harumanis in the field (n=20)

Stage

Egg

Nymphal
instar

1
2

3
4

5

Total
(nymph)

Inflorescence

Female

3.8512.00

2.03+0.25
2.20±0.56
2.06±0.59

3.6010.63

9.9010.25

Male

3.8512.00

2.0510.24
2.2910.58
2.2911.15
2.8010.56

9.6510.60

Female

3.7612.00

2.0010.63
2.0010.73

1.6310.62
2.5010.89
3.181L17

10.0711.63

Shoots

Male

3.7612.00

1.7710,44
2.5412.31

2.3111.03
3.1511.46

3.5712.49

11.9212.92

Ecdysis between the last instar and the adult
took 30±5 minutes. This process occurred be-
tween 0700 - 0800 h. The total developmental
periods of nymphs on inflorescence and shoot
were not significantly different (Table 2).

Mult Mango Leafhoppers

The colour of the newly emerged adult was
pale cream with weak venation; 30 min after
emergence the wings changed to testaceous
brown with prominent black veins. The
scutellum was brownish with elongated triangu-
lar patches. The body lengths of male and
female hoppers on inflorescence were 4.72±0.59
mm and 5.07±0.26 mm respectively (Table 3).
The adult is equipped with a mouth sheath
made of lipoprotein substance (Backus el al
1988). The mouth sheath of the female is tubu-

lar and rounded at the tip. Its broadest end
measured 0.31 ±0.05 mm. The mouth sheath
of the adult male is tubular but broad and
flattened at the tip with the broadest end at the
tip measuring 0.39±0.05 mm. However, both
males and females have the same mouth sheath
length of 0.88±0.55 mm.

Reproductive Capacity

Leafhoppers reared on shoots produced half
the number of eggs of those reared on the
inflorescence. The flower sap may contain as
much as 36% protein (Corey 1986) and insects
that feed on protein food either as nymphs,
adults, or both produce more eggs (Engelmann
1984).

The leafhoppers begin to mate 4.75±1.67
days after adult emergence. Oviposition took

TABLE 3
Mean width (mm ± SE) and mean body length (mm ± SE) of adults of/, nitidulus caged

on inflorescence and shoots of mango var. Harumanis in the field (n=20)

Food source

Inflorescence

Shoot

Head

Male

L89± 0.09a

1.87±0.15a

capsule

Female

1.99 ± 0.090a

1.88±0.15a

Body

Male

4.72±0.59a

4.73±0.61a

length

Female

5.07±0.26a

4.88±0.26a

Means within a column followed by the same letters are not significantly different at P>0.05

according to LSD
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TABLE 4
Fecundity, hatchability and longevity of female /. nitidulus reared on inflorescence and

shoots of mango var. Harumanis in the field (n=20)

Food source Fecundity Hatchability Longevity
(days)

Shoot (±SE)

Inflorescence (±SE)

149.0 ± 57a

277.1 ± 110b

54.8± 22.0a

90.2±8.4b

59.6±21.8a

50.8± 17.5a

Means within a column followed by the same letters are not significantly different (P>0.05)
according to LSD.

place shortly after mating as is usual of females
of many related species (Engelmann 1984).

The number of eggs produced by single-
and multiple-mated females fed on mango shoots
were 176 ±72 and 149 ±57 eggs respectively. How-
ever, this difference was not significant..

Adult Longevity

The longevity of males feeding on shoots in the
field was 60.5±8.5 days and females 69.8±9.8
days; the difference was not significant. How-
ever, Miller and Delzer (1960) emphasised that
females, especially if mated, live longer than
males of the same age. The shorter life span of
male hoppers has also been reported by other
workers (Severin 1924; Harries and Douglas
1948).
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ABSTRAK

lindungan telah mengakibatkan perubahan terhadap ciri-ciri histologi daun Mikania micrantha H.B.K.,
iimana daun yang berada pada intensiti cahaya yang tinggi adalah lebih tebal daripada daun dari intensiti
cahaya yang rendah. Peningkatan dengan kadar yang bermakna bagi luas semburan dan retensi imazapyr di
permukaan atas daun dalam intensiti cahaya yang rendah menunjukan lindungan telah menukarkan topografi
permukaan atas dan kuantiti lilin daun.

ABSTRACT

Shading led to changes in the leaf histological characteristics of Mikania micrantha H.B.K., leaves at higher
fyht intensity being thicker than those at lower light intensity. There was a significant increase in the area of
spread of imazapyr droplets and retention on the upper leaf surface at lower light intensity, suggesting that
hading had changed the upper surface topography and the amount of epicuticular wax of the leaves.

INTRODUCTION
Mikania micrantha H.B.K is a pernicious weed in
crops such as rubber, cacao, oil palm, coconut,
banana, pepper and tea. It usually grows profusely
in places receiving high rainfall or in humid
habitats (Holm et al 1977). The obnoxious
character of this weed is mainly due to its rapid
growth and spread, which smothers neighbouring
plants, as well as its ability to root at the nodes
when the stem comes in contact with soil
(Macalpine 1959). Ipor (1991) reported that M.
mcrantha is a shade-tolerant species and persists
in sites receiving 25% of full sunlight.

Imazapyr (isoproypylamine salt of 2-(4-
isopropyl-4-methyl-5-oxo-2-imidazoin-2-yl)
iucotic acid) is a broad spectrum herbicide
commonly used for controlling both annual
and perennial weeds (Fine et al. 1983). It is a
systemic herbicide and is readily absorbed and
translocated in plant tissues (Mallipudi et al.

* 1986). The uptake, translocation and activity
of imazapyr increases significantly as light
•ntensity decreases (Ipor and Price 1990).

It is well known that level of light intensities
during growth can markedly alter the
morphological, anatomical, physiological and
biochemical properties of leaves. Ipor (1989)
found that growth pattern, rate of expansion,
final leaf area and specific area of individual
leaves of M. micrantha were greatly influenced
by shade or light intensities.

Daubenmire (1970) repor ted that
epicuticular wax and distribution of crystalline
wax had a significant effect on herbicide
penetration. Hence, the objective of this study
was to determine the role of light intensity in
altering the topographical characteristics of wax,
epidermal cell size and morphological structure
of M. micrantha, which are likely to influence
the retention of imazapyr.

MATERIALS AND METHODS

Midrib Sectioning for Light Microscopy

Plants were grown by using the procedures
described by Price and Ipor (1990). The
middle part of the second youngest lamina of
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M. micrantha of plants grown under three levels
of shade (0, 50 and 75%) was cut into a piece
of 7 x 7 mm and fixed in formalin-acetic acid
(FAA) under reduced pressure for a week. The
samples were dehydrated in a graded ethyl
alcohol series. After dehydration, the tissue was
infiltrated and embedded in paraffin, which
allowed to solidify. Sections 10 jxm thick were
stained with alcian blue and safranin (50%
alcohol) (Sass 1958).

For stomata counting, the middle portion
of the preserved leaves was cut into pieces 10 x
10 mm. The tissues were thoroughly washed
with distilled water then gently boiled in 45 ml
of 15% nitric acid until the adaxial and abaxial
surfaces separated. The tissues were gently
transferred into a petri dish and washed with
two changes of distilled water. The remaining
mesophyll was brushed away with a fine brush.
The cuticles were then treated with 5% acetic
acid for 30 sec and immediately transferred into
sodium hypochlorite (NaOCl) for 30 min until
the tissues became clear. They were then washed
twice with distilled water before being transferred
into 50% ethanol for 2 min followed by staining
with 50% safranin for 10 min. After dehydration,
the cuticles were mounted in Canada balsam or
euparal and the slides dried on a hot plate for
two weeks. The stomata were counted under a
light microscope.

Scanning Electron Microscopy of Upper Leaf Surface
Leaf pieces 0.75 x 0.75 cm were taken from the
middle portion (avoiding the midrib) of the
second youngest leaf of plants grown at the
three levels of shade mentioned above as well as
from plants growing naturally in an open habitat
in an oil palm plantation in Malaysia. The leaf
pieces were affixed to aluminium stubs with
colloidal silver adhesive and immediately cooled
in liquid nitrogen. Specimens were then freeze
dried between at -40 - -60°C for 48 h.

Specimens were coated with gold and
examined and photographed using a Jeol T20
scanning electron microscope (SEM) at 3200x
magnification.

Wax Deposits on the Leaf Surface

The amount of epicuticular wax was estimated
gravimetrically in a chloroform extract, using a
method similar to that of Souza and Williams
(1986). Fully expanded leaves from the three

shade regimes were excised and their surface
areas determined using a photomax tracer. The
leaves were then dipped in chloroform twice for
10 sec, which was then filtered through Whatman
No. 1 paper into a pre-weighed test tube. Test
tubes with extracts were placed in a fume hood
to evaporate the chloroform and then in a forced
air oven at 45°C before being transferred into a
vacuum desiccator and dried to constant weight.

Droplet Spread on Leaf Surface
A Buckard microapplicator was used to apply
0.2 jxl droplets of lisamine red formulations on
the upper leaf surfaces (Mabb and Price 1986).
The eighth and second youngest leaves of plants
at the ten-leaf growth stage were used. The
diameter of the droplet deposit was measured
after 24 hours with a calibrated graticule
eyepiece and the area calculated. The
experiment was carried out with thirty replicates
and repeated twice.

Spray Retention of Imatapyr

Fifty-leaf stage plants were used. The plants were
sprayed with solutions containing the soluble
dye lisamine (1% w/v) with imazapyr (0.3 kg
a.i/ha) and distilled water. A maldrive spraying
system was used to deliver 211 1/ha.

After the sprayed deposits had dried, the
leaves were detached from each plant and the
sprayed deposits were washed off with 25 ml of
distilled water. The lisamine concentration was
measured in a spec t rophotomete r at
wavelength 460 jxm. The value of the peak
point was compared with a standard
concentration curve for the calculation of the
equivalent amount of herbicide in the sprayed
deposit. Data were expressed in jxg herbicide
per cm2 of leaf. The experiment was repeated
twice with thirty replicates.

RESULTS
Histology ofM. micrantha
The effect of shading on the leaf characteristics
and anatomy are presented in Plate 1 and
Table 1. Leaves grown at 0% shade in both
glasshouse and the open area in the field were
significantly thicker than those at other light
regimes. The number of cells between the upper
and lower leaf surfaces increased with increase
in light intensity.
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2: Transverse sections of Mikania micrantha leaves
groxon under (A) 0%; (B) 50%; (C) 75% shade;
(D) open areas; (E) in mature oil palm plantation.
(Scale bar • 60mm)

The size of epidermal cell of leaves grown
under low light intensity increased appreciably.
Palisade cell diameter also increased significantly
with light intensity.

Upper Leaf Surface ofM. micrantha
The width of epidermal cells on the upper
surface decreased appreciably with increasing
light intensity (Plate 2). The epidermal cells of
leaves from 0% shade in the glasshouse and
open areas in the field were fewer than of leaves
from 75% shade (Table 1). The wax on the
upper leaf surface was generally flattened.

Wax Deposits on Leaf Surfaces
The average amount of chloroform-soluble wax
from leaves under different shade levels is
presented in Table 2. The quantity of epicuticular
wax per unit area of leaves increased as the level
of shade decreased: the amount from leaves
under 0% shade was more than twice that from
75% shade.

Droplet Spread on Upper Leaf Surface

The area of spread of droplets on both young
and old leaves at 75% shade was significantly
greater than that at 0 and 50% shade (Table 3),

Effect of shading on

Leaf cell characters

Number of stomata per mm2

Upper surface

Lower surface

Leaf thickness (|xm)

Number of cells
from upper to lower
leaf surface

Average width of:

Epidermal cell (|xm)

Xylem (|xm)

Phloem (x 10s fxm)

Mesophyll cell (jxm)

Palisade cell (|xm)

TABLE 1
the histological characteristics

0%

142a

597a

207a

7.8a

32.6b

13.4b

7.0a

25.2b

60.6a

Glasshouse

50%

73c

381b

194b

6.1 be

38.5a

20.9a

8.5a

32.8a

54.4b

of leaves

75%

lOd

295c

136c

5.5cd

427a

18.9a

9.1a

25.4b

40.0d

of Mikania micrantha

Field

Open

101b

298c

210a

6.4b

28.1b

19.8b

7.7a

31.1a

46.3c

Shaded

12d

234d

105d

4,8d

22.5c

13.3b

8.8a

23.3b

25.6e

Within each row, values sharing the same letter are not significantly different at 5% level, according
to Duncan's multiple range test.
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Plate 2: EM micrograplis showing leaf surface 0/Mikania
micrantha at different levels of shade (A) 0%; (B)
50%; (C) 75% shade; (D) open areas; (E) in
mature oil palm plantation: (F) without epicuticular
wax after stripping xuith cellulose acetate.
(Magnification = 3200xt Scale bar = 25cm)

TABLE 2
Effect of shading on the quantity of epicuticular

wax deposits on the leaf surface of
Mikania micrantha

Shade Level Mean Weight of Epicuticular
Wax (|xm cm*2)

50%
8.2a
5.2b
3.4a

Within each column, values sharing the same letter
are not significantly different according to Duncan's
multiple range test.

but there was no significant difference between
0 and 50% shade on young leaves.

Spray Retention of Imazapyr on M. micrantha
Leaves

There was a trend towards increased retention
of imazapyr with shade (Table 4). Plants under
75% shade retained more than three times that
from 0% shade (Table 4).

TABLE 3
Effect of shade levels on area of spread of

imazapyr drops on the upper surface of
Mikania mircrantha leaves

Leaf stage

Young

Old

0%

Area

2.87d

4.44d

Shade level

50% 75%

of droplet spread
(mm2)

2.43d 12.52c

31.01b 62.50a

Within columns means with the same letter are not
significantly different (P>0.05) according to DMRT

TABLE 4
Amount of imazapyr retained on leaves of Mikania

micrantha grown under different shade levels

Shade level Imazapyr spray retained
(|xg cm"-)*

0

50

75

0.95b

1.17b

3.16a

*Means with the same letter within the column are
not significantly different (P>0.05) according to DMRT

DISCUSSION

Plants grown under high light intensities showed
differences in leaf surface structure from those
grown at low light intensities (Table 1). High
light intensity reduces leaf expansion resulting
in thicker leaves. Boardman (1977) found that
leaves of Atriplex patula grown at 20 mw cm"2

were seven cells thick compared with three or
four cells in leaves grown at 2 mw cm"'2. The
mesophyll cells grown under low light intensity
were smaller and more densely packed and there
were fewer vascular strands. The size of the
epidermal cell of M. micrantha was considerably
smaller under high light intensity.

Shade was observed to play an important
role in the development of the epicuticular waxes
of M. micrantha. A greater deposit of epicuticular
wax was found under higher light intensities
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(Table 2). Skoss (1955) found that shaded leaves
1 of ivy (Hedera helix) had less cuticle and wax
than those exposed to full sunlight. Martin and
Juniper (1970) also reported that wax production
on soybean (Glycine max) leaves increased with
light intensity. Significant increase in wax of
field bindweed (Convolvulus arvensis) leaves was
also reported under high light intensities
(Steward et al 1986).

A significant increase in the droplet spread
was observed on leaves from shaded plants
(Table 3). Dorschner and Buchholtz (1956)
found that shading by companion crops
increased the wettability of alfalfa (Medicago
saliva) leaves. In the present study, wettability
was significantly correlated with differences in
quantity and density of the epicuticular wax
crystals, and to the size of the epidermal cells
of M. micrantha.

There was a trend toward greater retention
of imazapyr on M. micrantha leaf surfaces grown
under shade (Table 4). Differential spray
retention is dependent on leaf surface
characteristics and the angle of incident of the
spray droplet to the leaf (Ennis et aL 1952;
Brunskill 1956; Blackman 1958). Ennis et al
(1952) reported that the waxy layer on the leaf
was an important characteristic affecting spray
droplet repulsion. In this study, the waxy layer
of M. micrantha leaves grown at high light
intensities repelled spray droplets more effectively
than those grown at lower light intensity. In
heavily waxed leaves, Brunskill (1956) showed
that spray droplets bounced off the leaf because
the angle of incidence had decreased. This may
be the main explanation why more imazapyr is
retained on the leaf surface of M. micrantha
grown under lower light intensity and which are
less waxy. In addition M. micrantha at 0 and 50%
shade levels had leaves which were slightly erect
and facilitated runoff, whereas at 75% shade,
the leaves were oriented horizontally, bigger
and proportionally longer. Less bounce of
droplets should occur at 75% shade, which may
contribute to the greater spray retention observed
at 75% shade.

Changes in morphology, surface structure
and histological characteristics influence
retention of imazapyr on plants exposed to
different shade levels. Price and Ipor (1990)
reported that leaves of Paspalum conjugatum
grown under low light intensity (75% shade)

had significantly increased uptake and
translocation of imazapyr, and ascribed this to
the thinner leaves with higher permeability.
Uptake and translocation have repeatedly been
shown to account for the effectiveness of
herbicides (Jensen 1982). The greater
susceptibility of plants growing under higher
shade levels means that a smaller quantity of the
herbicide and less frequent application of
herbicide are needed.
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ABSTRAK

Tanaman tembikai wangi (Cucumis melo) di tanam didalam campuran gambut dan pasir dengan diberikan
beberapa kedapatan air iaitu 25, 50, 166% dan muatan ladang. Isipadu air yang ditambah pada substrat
adalah 300, 600, 2000 dan 1200 ml setiap hari menyamai keperluan air yang dinyatakan. Pertumbuhan
vegetatif dan hasil berkurangan secara berkadaran dengan kedapatan air, Pemberian air diatas paras muatan
ladang substrat menghasilkan pertumbuhan dan hasil yang tinggi disebabkan tanaman mengubahsuaikan
pengaruh evaporasi tinggi didalam iklim mikro. Jumlah bahan terlarut didalam buah meningkat cepat semasa
perkembangan buah didalam keadaan kedapatan air rendah. Peningkatan kedapatan air memperbaiki status air
daun, respon stomata dan kadar fotosintesis. Pada tahap kedapatan air yang rendah, pengurangan status air
daun menyebabkan kadar fotosintesis mengurang sehingga mencapai nilai negatif pada akhir perkembangan
tanaman. Perkaitan di antara status air daun dan rintangan stomata di hasilkan dan dibincang berdasarkan
pengaruh hidrolik dan tanpa hidrolik terhadap stomata.

ABSTRACT

Melon (Cucumis melo) plants were grown in a peat and sand mixture under water availability of 25, 50, 166%
and field capacity. The respective amount of water added to substrate was 300, 600, 2000 and 1200 ml per day.
Vegetative growth and yield decreased proportionately according to water availability. Overwatering above
substrate field capacity resulted in the highest growth and yield as the plants compensated for the influence of
high evaporative demand in the microclimate. Total soluble solids in the fruit increased rapidly during fruit
development under reduced water availability. Increased water availability improved leaf water status, stomatal
response and photosynthesis rate. At lowest water availability, a reduction in leaf water status caused
photosynthesis rate to decline and to reach negative values by the end of the growth period. A relationship between
leaf water status and stomatal resistance was established and is discussed with reference to hydraulic and non-
hydraulic causes controlling stomatal responses.

INTRODUCTION

Cultivation of crops using soilless culture in a
protected environment has proven beneficial
compared to open field cultivation (Mohd Razi
1994). An important feature in the management
of aggregate soilless culture is to optimise
production through efficient use of water and
nutrients. As plants grown in soilless culture are
normally grown in a protected structure, changes
in plant microclimate, especially temperature

and humidity, can subject them to water stress,
as measurable by various indicators including
leaf water potential, relative water content,
hydraulic resistance and transpiration rate. Most
physiological processes are affected by the water
status of a plant (Hsiao 1973). The relationship
between leaf water status and plant physiological
processes needs to be established for efficient
irrigation management, especially when available
water is scarce. Schulze (1994) indicated that in
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sunflower, the daily water loss from leaves may
be equivalent to several times their total fresh
weight under conditions of open stomata and
high photosynthesis rates. In contrast, a plant
water deficit equivalent to only a small fraction
of its total fresh weight would cause severe
metabolic disorders due to water stress.

In the present study, the sensitivity of melon
plants to the changes in water status of plants
grown in a peat:sand mixture in a protected
environment was investigated relating to growth,
physiological processes and yield.

MATERIALS AND METHODS

The experiment was conducted in the
Hydroponics Glasshouse Unit at Universiti
Pertanian Malaysia. Throughout the experiment,
the mean maximum air temperature was 33.6 ±
5.7°C and the mean minimum temperature was
26 ± 2.1°C; mean day relative humidity was 56 ±
6.2%. The plants were generally grown at an
atmospheric vapour pressure deficit of 2.3 ± 0.5
kPa.

Seeds of melon (Cucumis melo) cv Birdie
were sown in compost. After 14 days seedlings
were transferred to polybags containing 10 kg of
a peat and sand mixture (3:1 peat:sand). The
seedlings were grown in the mixture for a further
2 weeks with regular watering before uniform
plants were chosen.

Four irrigation regimes were used in the
experiment. Field capacity, determined as the
moisture held by the substrate after free drainage
for 24 h, was 0.12 g water/g substrate. The
irrigation regimes were 25, 50 (restricted
watering), 100 (field capacity) and 166%
(overwatering) of field capacity arranged in a
completely randomized design with 4 replicates.
The respective volumes of water added to the
substrate every day were 300, 600, 1200 and
2000 ml. The plants were fertilized with the
constituents of Cooper formulation (Cooper
1979) at 20CF. Other standard management
procedures for melon cultivation were followed
(Mohd Razi 1994).

Dry matter accumulation was assessed from
seven sequential destructive samplings. At each
sampling, four plants were selected at random
from each treatment except the guard rows.
During each harvest, the plants were fractionated
into the following parts: leaves, stems, roots and
fruit. Leaves were enclosed in polythene bags
for leaf area determinations using an automatic

leaf area meter (Delta-T Cambridge, UK). All
samples were dried to constant weight for at
least 48 h in a forced draught oven at 80°C.

Relative water content, stomatal diffusive
resistance and photosynthesis rate were
determined 1, 3, 5 and 7 weeks after each
treatment. Relative water content was determined
according to Barrs and Weatherley (1962).
Stomatal resistance was measured with a diffusion
porometer (MKIII, Delta-T Devices Ltd,
Cambridge, UK) on the mature leaves which
were exposed to full sunlight and which were
adjacent to leaves sampled for relative water
content. Leaf photosynthesis rate of attached
leaves was measured using a portable infrared
gas analyser (ADC2-The Analytical Development
Co. Ltd, Hoddesdon, UK) on the same leaves as
used for the diffusive resistance measurements.
For each treatment, at least four readings were
taken from different leaves. Measurements were
made 4-5 h after sunrise when PFD was between
750-860 ixmol artr1.

Fruit dry weight accumulation was followed
by sequential harvesting. Total soluble solids
were determined on each of the harvested fruit
using a hand refractometer. The experiment
was terminated when fruits on the plants reached
maturity, determined by small cracks at the base
of the fruits.

RESULTS

Plant Vegetative Growth

Fig. 1 shows the dry matter accumulation in leaf,
stem and root parts of melon plants as influenced
by different water availability. Leaf dry weight
increased proportionately to the available water
in the substrate. In general, leaf dry matter
accumulation of plants receiving 2000 ml water
was 4-6, 12-18, and 14-22 g higher than in plants
receiving 1200, 600 and 300 ml water,
respectively. The difference between treatments
was noticeable by the third week of growth.
Similarly, stem dry weight was higher in the
plants receiving 2000 ml water per day, while
differences between plants receiving water less
than 1200 ml was not apparent after the 4th
week. The difference in root dry weight of plants
receiving 2000 ml was apparent by the first
week, but no difference was registered between
plants receiving less than 1200 ml of water each
day. The differences between plants receiving
1200 and 600 or 300 ml water were only apparent
by the fifth week. Root growth of plants receiving
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0 1 2 3 4 5 6 7
Weeks from s ta rt of experime nt

Fig 1; Leaf, stem and root dry weight of melon plants
grown in different water regimes, O = 300ml;
• = 600ml; • = 1200ml and • = 2000ml
Values given are means of + SE of 4 replicates.
Some SE marks reside xoithin symbols

less than 1200 ml water was almost constant
throughout the growth period. At final harvest,
root dry matter accumulation in plants receiving

1 2000 ml water perday was twice and four times
higher than plants receiving 1200 and 600 or
300 ml, respectively.

Fig, 2 shows the relationship between leaf
area and the duration of plants under various
water regimes. In general, the relationship was
almost sigmoidal for the two parameters, except
for plants receiving 300 ml water. The reduction
in leaf area by the end of the growth period was
due to senescence of the older leaves during
fruit maturity. At the period of maximum growth,
the leaf area of plants receiving 2000 ml water
was 1.5, 2 and 5 times greater than for plants
receiving 1200, 600 and 300 ml, respectively

14000

12000 -

10000 -

8000 -

6000 -

4000

2000 -

0 1
Weeks from s ta rt of trea tin en ts

Fig 2: Leaf area of melon plants as influenced by different
water regimes. Lines are fitted with regression equation:
O = 300ml; y = 282.3 + 1853x -375.8x? + Ix3; r2

= 0.88
• = 600ml; y = -112.0 + 2400x -256.2X2; r2 =
0.91
• - 1200ml; y = 400.0 + 522.2x + 748Ax2-
104. Ox3; r2 = 0.98
• = 2000ml; y = 257.8 + 1090.6x + 583.4X2 -
81.5X3; r2 =0.96

Fruit Development

Fig. 3 shows changes in total soluble solids and
fresh weight of fruits exposed to different water
regimes. The differences in total soluble solids
values between treatments were only apparent
by the fifth week. A reduction in water availability
to the plants increased the total soluble solids
content of fruit. Fruit fresh weight was
consistently higher on plants receiving 2000 ml
water. At final harvest, fresh weight of fruit
from plants receiving 1200, 600 and 300 ml was
15, 42 and 70% respectively, lower than plants
receiving 2000 ml water. The change in fruit
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1 r

2 3 4 5 6 7

Weeks from start of treatments

Fig 3: Fruit growth and total soluble solids of melon plants
exposed to different water regimes. O = 300ml; • =
600ml; • = 1200ml and • = 2000ml. Values
given are means of± SE of four replicates. (Most SE
marks reside within symbols)

dry weight followed a similar pattern (Fig. 4) and
there was also a close correlation between the
accumulation of dry matter in the fruit and the
duration of treatments.

Relative Water Content, Stomatal Resistance and Rate
Changes in stomatal resistance, relative water
content and photosynthesis rate are illustrated
in Fig. 5. Stomatal resistance was increased with
reduced water availability. Plants provided with
only 300 ml water per day showed a marked
increase in stomatal resistance and displayed
complete stomatal closure by the fifth week.
Reducing water availability resulted in decreased
relative water content of leaves; the differences

r
3 4 5 6 7 8

weeks from start of experiment

Fig 4: Changes in fruit growth of melon plants exposed to
different water regimes. O = 300ml; • - 600ml;
• = 1200ml and • = 2000ml Lines are fitted
with regression equations:
O : y - 0.7 + 2.1x; r2 = 0.95
• :y - -9.8 + 8.75x - 0.6X2; r2 = 0.93
M :y - -73.6 + 48.6x - 7.7K2 + 0.4 x3; r2 = 0.97

• ; y «= -120.3 + 80.7 x -14.5*? + 0.9x"; r2 -0.98

were clearly noticeable after 3 weeks of treatment.
There was a progressive decline in relative water
content of plants receiving less than 1200 ml
water per day while plants receiving 1200 ml
per day showed comparable values to those of
plants receiving 2000 ml water and maintained
relative water content above 85%. Differences in
photosynthesis rate were evident by the third
week of the treatments. Photosynthesis rate
declined progressively with time, especially in
plants supplied with less than 2000 ml water per
day. By week 7, plants receiving 300 ml water
per day showed a negative leaf photosynthesis
rate.

DISCUSSION

As reported for several other plant species
(starfruit; Mohd Razi et al. 1994; pepper, Aloni et
al. 1991; tomatoes, Mohd Razi et al 1993),
reduced water availability in melon plants retards
vegetative growth and fruit development. This is
particularly evident for plants grown under high
temperature with low air humidity conditions,
which often results in high atmospheric vapour
pressure deficits in the plant microclimate.
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1 1 1

0 2 4 6 8
Weeks from start of treatments

fig" 5: Stomatal diffusive resistance, Rs(A), relative water
content, RRWCB(B) and photosynthesis rate,
Pn(C) of melon plants as influenced by water
regimes. O = 300ml; \j = 600ml; U = 1200ml
and • = 2000ml Bars represent SE with 4
replicates, some marks reside xvithin symbols

Smith (1989), working with oil palm, argues that
such conditions would limit production even if
plants were grown under adequate moisture. We

have demonstrated in this study that irrigating
plants to field capacity level (1200 ml water)
under similar conditions also resulted in a
decrease in dry matter accumulation after 3
weeks. Further reductions in water availability
to the plants have resulted to a decrease in leaf
and root growth. Leaf area expansion,
particularly, was greatly reduced in plants
receiving 1200 ml or less water compared to
2000 ml water per day.

It has been reported by many workers that
the primary effect of slight to moderate water
stress is either at the cell extension phase or at
both the cell division and cell extension phases
of leaf growth depending upon the plant species
(Acevedo et al 1971; Schulze 1986; Jefferies
1989). We have shown that leaf area expansion
in melon plants receiving adequate water
followed a sigmoidal growth response consisting
of three phases of growth i.e an acceleration
phase, a linear growth phase and a senescent
phase with the older leaves dying. Early cessation
of leaf area expansion was observed on the
plants grown under reduced water availability
(Fig. 2). This could be due to an early disruption
of metabolic activities associated with cell
expansion. The causes of reduction in leaf area
expansion could be associated with either
hydraulic and/or non-hydraulic mechanisms.
The hydraulic process is associated with changes
in turgor pressure which act as a driving force
for cell expansion and hence leaf growth
(Acevedo et al 1971; Begg and Turner 1976:
Dale 1988). Non-hydraulic signals generated from
roots growing under reduced water availability
have been reported to directly inhibit effect on
leaf growth in the absence of detectable shoot
water deficit as related to the latter mechanism
(Passioura 1988; Gowing et al 1990). Zhang and
Davies (1991) have proposed that abscisic acid
plays the role of a chemical signal in root to
shoot communication and can bring about a
retardation of leaf growth in plants grown at
reduced water availability.

The study also demonstrated the importance
of water availability for fruit development. The
reduction in fruit growth is a common response
in plants exposed to reduced water availability
(Blanco et al. 1989; Batten et al 1994), though
some other researchers showed a beneficial
regulated deficit irrigation in perennial fruit
(Mitchell and Chalmers 1982; Van den Ende et
al 1987). Adam (1990), working with tomatoes,
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reported a decrease in fruit growth but an
increase in fruit total soluble solids under reduced
water availability conditions prevailing on peat
moss. This fruit fresh weight and total soluble
solids pattern is also observed in the present
study (Fig. 3).

Photosynthesis rate decreased with decreasing
water content (Fig. 6) so that respiration appears
to exceed photosynthesis rate when relative water
content was reduced to less than 60%. Under
such conditions, stomatal diffusive resistance also
showed a substantial increase. Although the role
of guard cell turgor in regulating stomatal closure
could be a causative factor for this phenomenon,
the effect of non-hydraulic signals cannot be
ruled out. If leaf internal water status solely
influenced stomatal closure, there would be a
clear linear relationship between these two
parameters. The correlation analysis shows such
linearity only when relative water content is low,
so that there must be another factor triggering
early stomatal closure during slight or
undetectable changes in leaf water status (Fig.
6).The responses of stomata to a root signal may
be regarded as a feedforward response, in which
roots in dry soil produce a chemical signal to
reduce water loss even before plants experience
internal water deficits (Schulze 1994). However,
this chemical signal controlling the root-shoot
communication has yet to be identified. According
to Davies et al. (1994), there seems to be quite
compelling evidence for a central role for abscisic
acid in chemical signalling between roots and
shoots in controlling stomatal responses. Some
other workers, however, disagree (Munns and
King 1988; Trejo and Davies 1991).

This biphasic evidence on leaf internal water
status and stomatal resistance observed in the
present study with melon plants needs to be
further examined to ascertain the role of hydraulic
and non- hydraulic factors influencing plants
under conditions of water stress. The relationship
between stomatal resistance and rate shows a
drastic (50%) reduction in photosynthesis rate is
coincident with even a small increase in stomatal
resistance from 4.5 to 10 s cm1. It is speculated
that photosynthesis apparatus may be inhibited
before any effect on the stomatal apparatus. The
influence of such stomatal and non-stomatal
factors in regulating rates has also been reported
by other workers (Ogren and Oquist 1985;
Ephrath et al 1993). The present study further

i i \ i i r

30 40 50 60 70 80 90 100
Relative water content (%)

^

V4481 -2.06X +CX06X3 *S7e V +45Ge V

\ I 1 I I I

0 10 20 30 40 50 60 70 80

Diffusive resistance (s cm"1)
Fig 6: Relationship between photosynthestis rate and rela-

tive water content (A), diffusive resistance and
relative water content (B) and diffusive resistance
and photosynthesis rate (C) of melon plants exposed
to different water regimes

shows that when stomatal resistance increased to
more than 20 s cm*1, photosynthesis rates declined
to negative values. This threshold value is
particularly important in future studies to improve
water use efficiency of melon plants under reduced
water availability.
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ABSTRAK

Satu percubaan yang melibatkan lapan provenans Acacia crassicarpa A. Cunn. ex Benth. diukur kemandirian
dan pertumbuhan pada umur dua tahun. Dari kesemua provenans ini, tiga berasal dari Queensland utara,
Australia, empat dari Papua New Guinea dan satu dari Irian Jaya, Indonesia. Kesemua provenans menunjuk
kemandirian baik (>94 %), tetapi berbeza dengan bererti (p < 0.01) dari segi pertumbuhan. Kesemua
provenans mempunyai lebih dari 43% pokok yang berbatang satu. Untuk pengeluaran kayu, provenans dari
Irian Jaya (Samlleberr) dan 2 provenans dari Queensland (Olive River dan Jardine River-Bamaga)
dikenalpasti berpotensi baik.

ABSTRACT

A trial of eight provenances of Acacia crassicarpa A. Cunn. ex Benth. was assessed for survival and growth
at age two years. Three provenances were from northern Queensland, Australia, four from Papua New Guinea
and one from Irian Jaya, Indonesia. All provenances survived well (> 94%), but they differed significantly (p
< 0.01) in their growth performance. All provenances had more than 43% of their trees with single stems. For
timber production, the provenance from Irian Jaya (Samlleberr) and two provenances from Queensland (Olive
River and Jardine River-Bamaga) were identified as promising.

INTRODUCTION
Acacia crassicarpa A. Cunn. ex Benth., native to
northeastern Queensland, Australia,
southwestern Papua New Guinea, and
southeastern Irian Jaya, Indonesia, is one of
the humid/subhumid tropical acacias with
potential for wood production for fuelwood,
timber and pulp (Harwood 1992; Thomson
1994). It fixes nitrogen, grows rapidly, and
competes effectively with weedy grasses. It
appears able to tolerate a wide range of soil
textures, with pH ranging from 4 to 8, and a
dry season up to six months and annual rainfall
as low as about 900 mm.

However, many of the acacia plantations in
the Asian tropical regions are based on Acacia
mangium and Acacia auriculiformis
(Pinyopusarerk 1992). Early reports on the

evaluation of several A. crassicarpa provenances
in Thailand (Chittachumnonk and Sirilak
1991), Malaysia (Sim and Gan 1991), Sri Lanka
(Weerawardane and Vivekanandan 1991),
Hainan Island, China (Yang and Zeng 1991),
Vietnam (Kha and Nghia 1991), and Laos
(Latsamay 1991) indicate that their growth is
either better or comparable to those of A.
mangium and A. auriculiformis. These provenance
trials of A. crassicarpa have also demonstrated
the superior vigour of provenances from
Western Province, Papua New Guinea over those
from north Queensland (Thomson 1994). In
Malaysia, the introduction of A. crassicarpa has
been limited to Sabah (Sim and Gan 1991).
This paper reports on the survival and growth
of eight provenances of 2-year-old A. crassicarpa
in a trial at Serdang, Peninsular Malaysia.
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MATERIALS AND METHODS

Seedling Establishment
Eight seedlots of A. crassicarpa provided by the
Australian Tree Seed Centre of Commonwealth
Scientific and Industrial Research Organisation
(CSIRO) were used. The seeds were collected
from the species' natural distribution in northern
Queensland, Australia, Papua New Guinea and
Irian Jaya, Indonesia. This is one of the first
provenance trials to include a seedlot from Irian
Jaya, Indonesia for comparison with Papua New
Guinean and Australian seed sources. Table 1
provides details of seed origin.

The seeds were pretreated by soaking in hot
water at 80°C for 30 seconds and then in water
at room temperature for 10 minutes. The
procedure was repeated three times. The seeds
were then air dried, sown in containers filled
with washed river sand, and later transplanted
into polythene bags. Inoculation with Rhizobium
was not made in the nursery. The seedlings were
about four months old when planted out.

Field Establishment

The field trial was established in January 1992
at Universiti Pertanian Malaysia (UPM) Farm,
Serdang (latitude 3° 02'N, longitude 101° 42'E,
altitude 32 m) representing a humid site under
Imperata cylindrica grass. Mean annual rainfall is
2140 mm and mean annual temperature 26°C.
The site experiences an average windspeed of
0.86 m/sec, receiving a daily average of 5.8 h of
sunshine and an annual evaporation of 1527
mm. The soil is fine-loamy, mixed, Typic

Hapludults, isohyperthermic and udic, with a
pH of 4.4. The site was fully cultivated before
planting.

A randomised complete block design with
six replicates was used. Each replicated plot
consisted of 16 trees (4 x 4) spaced at 3m x 3m.
The plots were weeded every three months
during the first year, and less frequently
thereafter.

Assessment and Analysis

Measurements of height, diameter at breast
height (dbh) and survival were made for all
trees every six months after planting. Square
root of the sum of the squares of each individual
stem was used to calculate dbh of multi-stemmed
trees. At 24 months, trees were also individually
assessed for form following three classes:
Class 1: Tree with one main leading stem up to

the tip. Branches are small, with a basal
diameter less than 50% of the principal
bole at the same height.

Class 2: Tree with more than one leading stem
originating at a height more than 50
cm above the ground. The branching
bole is considered a stem if its basal
diameter is equal to or greater than
50% of the diameter of the principal
bole at the same height.

Class 3: Tree with more than one leading stem
originating below a height of 50 cm
above the ground. The distinction of
a branching bole is the same as for
Class 2.

TABLE 1
Details of the eight provenances of seedlots of Acacia crassicarpa

No.

1
2
3
4
5
6
7
8

CSIRO
Seedlot No.

16128
17943
17944
16598
17548
17552
17561
17849

Provenance

Jardine River - Bamaga
Olive River
Claudie River
Bimadebun Village
Oriomo Old Zim
Bensbach
Limal-Malam
Samlleberr, Irian Jaya

QLD
QLD
QLD
PNG
PNG
PNG
PNG
IND

Lat
(S)

11°
12°
12°
8°
8°
8°
8°
8°

02'
19'
48'
37'
481

53'
40'
20'

Long.
(E)

142°
142°
143°
141°
143°
141°
142°
141°

221

50'
18'
55'
061

17
43'
00'

Alt.
(m)

20
60
20
25
20
25
40
40

No.
parents

15
5
4

40
5

35
30

5

QLD = Queensland, Australia; PNG = Papua New Guinea; IND • Indonesia

178 PERTANIKAJ. TROP. AGRIC. SCI. VOL. 18 NO. 3, 1995



f
TWO-YEAR PERFORMANCE OF ACACIA CRASSICARPA PROVENANCES

The two years' data were analysed for
variance, and provenance means were compared
using studentised range test. MPTStat, a statistical
package developed by the Forestry/Fuelwood
Research and Development Project of Winrock
International, was used for the analyses.

RESULTS
Survival for all the provenances was high,
percentages ranging from 94.5 to 100%, and
showed no statistical differences among
provenances (Tables 2 and 3). Lowest survival
was recorded for the Bimadebun Village
provenance from Papua New Guinea, while the
jardine River provenance from Queensland had
100%. survival.

However, the provenances showed significant
differences in their height and diameter growth
(Table 2). Significant differences were also
recorded among provenances from Queensland
and Papua New Guinea (Table 3). The overall
ranking based on the mean of the ranks assigned
for each parameter indicates that the Samlleberr
provenance from Irian Jaya, Indonesia was the
best performer, followed by two provenances
from Queenland (Olive River and Jardine River).
The poorest provenance was from Claudie River,
Queensland. The four provenances from Papua
New Guinea (Bimadebun Village, Oriomo Old
Zim, Bensbach and Limal-Malam) were
intermediate in their performance.

TABLE 2
Analysis of variance of survival, height, and diameter breast height (Dbh) of 2-year-old

Acacia crassicarpa provenances

Parameter

Survival

Height

Dbh

Source of
variation

Provenance
Replication
Residual

Provenance
Replication
Residual

Provenance
Replication
Residual

df

7
5

35

7
5

35

7
5

35

Mean
square

15.283
27.471
17.061

4.896
9.737
1.216

5.627
0.883
0.802

P. value

0.5205
0.1831

0.0025
0.0000

0.0000
0.3773

c.v.
(%)

4.2

13.2

10.2

TABLE 3
Performance of 2-year-old Acacia crassicarpa provenances

Provenance Survival Height Diameter breast Composite
(%) (m) height (cm) ranking

Jardine River - Bamaga QLD
Olive River QLD
Claudie River QLD
Bimadebun Village PNG
Oriomo Old Zim PNG
Bensbach PNG
Limal-Malam PNG
Samlleberr, Irian Jaya IND

100.0
97.7
97.7
94.5
97.8
97.7
96.7
98.8

a
a
a
a
a
a
a
a

8.8
9.4
6.7
7.4
8.2
8.9
8.6
9.0

abc
abed

ab
ab
abede
a
abede

8.5 abd
9.6 ae
7.1 be
7.5 be
7.8 b
8.4 abdf
9.4 a
9.6 ae

3
2
7
8
5
4
5
1

Means having the same letter are not significantly different at p = 0.05
Composite ranking = Means of survival, height and diameter breast height
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