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Pineapple is one of the most traded tropical fruit in Malaysia; mostly planted on peat
soil. However, Malaysia has a vast area of sandy fallow beach ridges interspersed
swales (BRIS) soil. Due to lack of cultivable land, increasing populations, and urge
to improve the standard of living of inhabitants of in this area, there is a need to
develop a viable commercial-oriented agriculture. Therefore, the objectives of the
study were to estimate the crop water requirements, water distribution patterns, and
K substitution with Na from seawater for cultivation of pineapple on BRIS soil. A
series of experiments including soil temperature, water distribution, and crop water
requirements of the BRIS soil were determined in the glasshouse and field. Water
distribution patterns were determined using water application rates of 2, 4, and 8 I/h
emitters at different times of duration using a specially designed apparatus. Crop
water requirements of ‘N-36’ of pineapple were estimated by planting of different
stages of plants on the lysimeters and using the CROPWAT model. Pineapple stages
were adjusted according to their length of growth on the lysimeters and in the model.

The estimated crop water requirements was applied in the field at BRIS soil area,



Terengganu using Na from seawater for substitution of K requirements of pineapple
(based on 300 kg K ha™) at 15, 30, and 60% in comparison to the control (100% K)
using fertigation techniques for 4 months with irrigation water. Pineapple growth,
development, and yield were measured. With the exception in the morning, the
topsoil temperature of BRIS soil was higher than the subsoil. The temperature
gradually increased from 08:00 up to 14:00 hr of a day then decreased. On normal
soil temperature and heated soil, the shape of water distribution of the wetted fronts
was spherical or ellipsoidal. The higher discharge rate in short duration, the lateral
movement was more as compared with the vertical movement. But the opposite was
observed when lower discharge rate was applied in long time of duration. Wetted
waterfronts were increased with increasing soil temperature in both horizontal and
vertical directions. The average calculated crops reference evaporation (ET,) at the
respective stages was 0.83, 0.73, 0.68 and 0.61 mm/day. The calculated average ET,
was 1.99 mm/day. The estimated pineapple crop coefficient (K.) value (0.50) was
the highest at the early growing stage 1 because of the maximum ET, occurred from
the bare soil and young pineapple with limited transpiration rate. The Kc value for
pineapple was 0.30 at stage 2 to 4. The average depth of fertigation in the field using
CROPWAT model was 1.67 mm/day. Application of 0, 15 and 30% Na from
seawater substitution for K on plant height, number of leaf per plant, D-leaf length,
and area, fresh and dry weight was not significantly different. Fruit length, diameter,
and weight obtained from Na application at 15, and 30% Na for K substitution were
not significantly different from 0% Na (100% K) treatment. The results indicate that
up to 30% of pineapple K requirement can be substituted by Na obtained from
seawater. Knowing the emitter size and soil water movement could ensure precise

placement of water and nutrients in the active roots zone.
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Nenas merupakan salah satu buahan tempatan yang paling laris di Malaysia, yang
mana ianya di tanam di tanah gambut. Namun begitu, Malaysia mempunyai
kawasan tanah ’sandy fallow beach ridges interspersed swales (BRIS)’ yang begitu
luas. Dengan kawasan tanaman yang terhad, peningkatan populasi, dan usaha untuk
menambah ’standard of living for BRIS area’, ini memerlukan pelaksanaan ke arah
orientasi pertanian yang mantap dan berdaya maju. Satu siri kajian di makmal
lapangan telah di lakukan dengan menggunakan tanah BRIS untuk menanam nenas.
Contoh-contoh tanah Bris telah dikumpul dan untuk menentukan suhu, taburan air
keperluan airnya. Satu peralatan khas telah direkabentukuntuk digunakan untuk
mengkaji kesan kadar penggunaan air, isipadu air, dan tempoh pembasahan
permukaan tanah BRIS. Penggunaan air dengan kadar 2,4 dan 8 liter/ jam telah
digunakan bagi tempoh masa yang berbeza. Bagi menentukan pekali tanaman untuk
nenas pada tanah BRIS, lisimeter dan panci penyejatan Kelas A telah digunakan
untuk menganggar penyejatan rujukan tanaman (ET.) dan penyejatan rujukan (ET,)

dalam rumah kaca. Model CROPWAT pula telah digunakan untuk mengira



keperluan air tanaman (CWR) bagi nenas. Tiga kadar Na dari gantian air laut bagi K
pada 15, 30 dan 60% telah dibandingkan dengan kawalan 0% Na (100% K)
berdasarkan 300 kg/hektar pada pertumbuhan nenas. Pembangunan dan hasil
penggunaan tanah BRIS dengan menggunakan teknik titisan fertigation dan larutan
ini telah diaplikasikan selama 4 bulan dengan penggunaan air pengairan.profil suhu
tanah BRIS menunjukkan suhu tanah atas adalah lebih tinggi dari suhu tanah
bawahnya, kecuali pada waktu pagi. Meskipun begitu, suhu ini meningkat dengan
mendadak sehingga 14.00 jam untuk satu hari dan kemudian suhunya mula menurun.
Eksperimen pergerakan air pada tanah normal dan panas pula menunjukkan bentuk
permukaan basahnya adalah bulat atau bujur. Dengan meningkatnya kadaralir dalam
tempoh yang singkat, pergerakan sisi lebih banyak berlaku jika dibandingkan dengan
pergerakan menegak. Dari pemerhatian, pergerakan bertentangan pula akan berlaku
apabila kadaralir yang rendah dilakukan bagi tempoh masa yang panjang. Keputusan
ini akan memastikan kedudukan air dan nutrient berada peda zon akar aktif.
Permukaan air akan meningkat dengan pertambahan suhu tanah bagi kedua-dua arah
menegak dan mendatar. Tahap pertumbuhan nenas °N-36’ telah diperbetulkan
mengikut panjang pertumbuhannya pada lisimeter. Kedalaman purata pengairan air
bagi tahap pertumbuhan 1,2,3 dan 4 adalah 2.43,1.56,1.54 dan 1.55 mm/hari dan
purata penyejatan rujukan tanaman (ET.) yang dikira adalah 0.83,0.73,0.68 dan 061
mm/hari. Nilai bagi penyejatan rujukan (ET,) pula adalah1.99 mm/hari. Nilai pekali
tanaman nenas (K;) pula menunjukkan bacaan tertinggi pada iaitu 0.50 di mana iai
berlaku pada tahap pertumbuhan awal kerana Etc maksimum berlaku dari tanah atas
dan nenas yang mengalami prosos tranpirasi yang terhad. Nilai Kc untuk nenas pula
adalah 0.30 pada tahap 2 dan 4. penggunaan na sebanyak 0,15 dan 30% dari gantian

air laut untuk K pada ketinggian tumbuhan, bilangan daun, panjang D-daun, dan

Vi



keluasan, kesegaran dan berat kering adalah tidak banyak berubah. Pangang buah,
diameter dan beratnya diperolehi dari penggunaan Na sebanyak 15 dan 30% untuk
penggantian K juga tidak banyak berubah daripada 100% rawatan K. Keputusan
menunjukkan sebanyak 30% keperluan K nenas boleh digantikan dengan Na yang

diperolehi dari air laut.
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the next monolith (layer)

The removed soil from the container (box) was placed on
the floor of the glasshouse for drying

Thermometer sensors were inserting on the surface and
different depth of the monolith up to center .

Thermometer sensors were inserting on the surface and
different depth of the monolith up to center and flash lights
were used to heat the soil

Floodlights were used to dry the BRIS soil

A standard class A pan with its dimension (Adapted from
Allen et al., 1998)

A class A pan with a hook gauge mounted on a wooden
open frame platform

A hook gauge

Hook gauge reading was observed with a magnifying glass
accurately

Two case of evaporation pan sitting and their environment
Adapted from Allen et al., 1998)

A weighing hydraulic lysimeter and its dimensions

Foundation of the lysimeters made with bricks and woods
pieces

Vehicle’s tyre’s inner tubes were wrapping with tape and
used to make Lysimeter

The manometer’s pipe was easily passed through between
plywood’s holes and the foundation gap

Square size plywood was lain down on each inner tube
Manometers and dummy manometers were hanged up to
calculated height and red colour was added with water to
observe any changed clearly

Graph papers were used to make manometers

Collecting the percolated water from the lysimeters
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3.18
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3.25

3.25
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3.31

3.32

3.33

3.34

3.35

3.36

3.37

3.38

3.39

3.40
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3.42

3.43

3.44

3.45

3.46

3.47

3.48

3.49

3.50

3.51

3.52

Tensiometers were put on the lysimeters to measured soil
moisture

Different stages pineapple plants were planted on lysimeters

Each stage has three replications (lysimeter) and each
replication have two pineapple plants

Pineapple stages on the lysimeters

CropWat calculating ET, using mean maximum, minimum
air temperature, humidity, wind speed and sunshine hour

Crop data for pineapple PINYR1

Crop data for pineapple PINYR2.

Duration of pineapple stages, and PINYR1 and PINYR2
Soil data for PINYR1

Irrigation selecting criteria

Soil data for PINYR2

Cropping pattern planting

Average monthly rainfall of experimental site at Kuala
Terrenganu

Rainy days of experiment site at Kuala Terrenganu
Average (1990-2005) daily rainfall and ETo
Seawater was collected and transferred to the filed

A special design apparatus was used to mixed fertilizer with
seawater

Stock fertilizers solution

A fertigation system consists with pump, reservoir tanks,
injector, main, sub and lateral lines

Fertigation main, sub and lateral lines
A meter used to control the water pressure

Fertilizer Injector
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5.53
3.54
3.95
3.56

3.57

3.58

3.59
4.1
4.2
4.3
4.4

4.5

4.6

4.7

4.8

4.9
4.10

411

4.12(a-c)

4.13

Pineapple plants covered by sunshine black plastic mulch
Fertigation application phases

Depth of fertigation for pineapple on BRIS soil
Fertigated days for pineapple on BRIS soil at Terengganu

Leaf CM value was recorded ETc for pineapple in the
glasshouse

Standard curve for total leaf chlorophyll content (mg /1) and
CM values (leaf greenness) for pineapple plants

Pineapple field

BRIS soil temperature at different depths

BRIS soil temperature at different times of a day

BRIS soil monthly average temperature

BRIS soil (T soil) and air temperature (T air)

Average BRIS soil temperature flow in different depths at
08:00 (a), 10:.00 (b), 12:00 (c), 14:00 (d), 16:00 (e) and
18:00 (f) times of a day in the year

Comparative features of water distribution patterns under
different discharge rates on BRIS soil for 10 and 20 minutes

Comparative features of water distribution patterns under
different discharge rates on BRIS soil for 30 and 40 minutes

Comparative features of water distribution patterns under
different discharge rates on BRIS soil for 50 and 60 minutes

Discharge rate vs. wetted radius (r = radius)
Discharge rate vs. elapsed depth (d = depth)

Vertical advances of wetting front versus elapsed time for
BRIS soil under different application rates

Observed and predicted vertical advance of wetting front for
BRIS soil under various application rate (2, 4, and 8 I/h)

Horizontal and vertical advances are a function of discharge
rate
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4.3

4.8
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4.14

4.15

4.16

4.17(a-c)

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25(a-c)

4.26(d-f)

4.27

4.28

4.29

Discharge volume vs. wetting fronts advances

After a certain depth or elapsed time, horizontal movement
decreased with increasing elapsed times

Surface wetted radius as a function of the cumulative
water applied for BRIS soil under different application rates

Observed and predicted surface wetted radius for BRIS soil
under 2, 4, and 8 I/h application rates

The lowest application rate at highest applied time duration
had a longest elapsed depth and greater spread

Wetting fronts vs. elapsed time (for 2I/hr, R = radius, D =
depth)

Wetting fronts vs. elapsed time (for 41/hr, R = radius, D =
depth)

Wetting fronts vs. elapsed time (for 8l/hr, R = radius, D =
depth)

Wetted depth in different times vs. discharge rates (g1, g2,
and g3 are the 2.0,4.0, and 8.0 I/ hr emitters)

Wetted radius in different times vs. discharge rates (g1, g2,
and g3 are the 2.0,4.0, and 8.0 I/ hr emitters)

Wetted soil volumes in different times vs. discharge rates
(91, g2, and g3 are the 2.0, 4.0, and 8.0 I/ hr emitters)

Water movement patterns (a-c) on different soil
temperatures and different applied times of duration at the
2-1/hr-discharge rate

Water distribution patterns (a-c) on different soil
temperatures and a constant applied time of duration at the
discharge rate of 2-I/hr

BRIS soil temperature increased the advancement of wetted
radius compared to the normal soil

Vertical wetting front increased with increasing the BRIS
soil temperature compared to the normal soil (D hot = depth
in hot and D normal = depth in normal soil

Progress of soil water vertical movement on BRIS soil
temperature vs. elapsed times
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