Trans. Malaysian Soc. Plant Physiol. 16(2007)

TRANSACTIONS OF THE MALAYSIAN SOCIETY OF
PLANT PHYSIOLOGY

Volume 16 (2007)

YIELD AND QUALITY
ENHANCEMENT OF PLANT
Proceedings of the 18th Malaysian Society of Plant Physiology
Conference held at Le Meridien, Kota Kinabalu, Sabah, Malaysia
21 -13 August 2007

Hawa ZE Jaafar (Editor-in-Chief)
Janna Ong Abdullah
Elizabeth Philip

Organized By
~\

\~
Malaysian Society of Plant Physiology (MSPP)

Co-organized by
Universiti Putra Malaysia (UPM)
Universiti Malaysia Sabah (UMS)
· Ministry of Science, Technology and Innovation Malaysia (MOSTI)
MSPP is a Professional Scientific body dedicated towards promoting research and development
in tropical plant biology

Trans. Malaysian Soc. Plant Physiol. 16(2007)

First Edition, 2008
Malaysian Society of Plant Physiology (MSPP)
Assalamualaikum

All Rights Reserved
No part of this publication may be reproduced,
stored in a retrieval system or transmitted in any form or by any means,
electronic, mechanic photocopying, recording or otherwise, without prior
permission of the Copyright owner

Perpustakaan Negara Malaysia

Cataloguing-in-Publication Data

Malaysian Society of Plant Physiology Conference {18th: 2007 : Kata
Kinabalu).
Yield and quality enhancement of plant: proceedings of the 18th
Malaysian Society of Plant Physiology Conference held at Le Meridien,
Kata Kinabalu, Sabah, Malaysia, 21-23 August 2007 / Hawa ZE Jaafar,
Janna Ong Abdullah, Elizabeth Philip ; organized by Malaysian Society
of Plant Physiology ; co-organized by Universiti Putra Malaysia Universiti
Malaysia Sabah, Ministry of Science, Technology and Innovation Malaysia.
ISBN 97 8-96 7 -344-035-1
1. Plant biotechnology--Congresses. 2. Botanical chemistry--Congresses.
3. Plant molecular biology--Congresses. I. Hawa ZE Jaafar. II. Janna Ong
Abdullah. III. Philip, Elizabeth. IV. Malaysian Society of Plant Physiology.
V. Universiti Putra Malaysia. VI. Universiti Malaysia Sabah. VII. Malaysia.
Kementerian Sains, Teknologi dan Invasi. VIII. Title.
631.5233

Suggested citation: Trans. Msian. Soc. Plt. Physiol. 16(2007):
Yield and Quality Enhancement of Plant

Published and printed by:
PERSATUAN FISIOLOGI TUMBUHAN MALAYSIA
Malaysian society of Plant Physiology (MSPP)
Locked Bag No. 282, UPM Post Office,
43409 UPM, Serdang
Selangor D.E., Malaysia
(http: //www.mspp.org.my)

Printing sponsored by:
Universiti Putra Malaysia (UPM)
UPM Post Office, 43400 UPM Serdang
Selangor D.E., Malaysia
{http://www.upm.edu.my)

11

Efforts to improve
beginning of hum:
the expanding sop
on enhancing plan
impinging climate
and quality incre,
continuous improv
to increase produc

Yield and
and physiological
the basic and appl
growth and develc
develop crop planof development :
increasing use of
have opened man:
crop plant yield ar:
Hence,

./2

Transactions of t

addressing the isi
insight on the statl
and quality, and t
and quality enha
research in the fo
inter-agency netw
yield and quality.

Wassalamualaikui

ASSOC. PROF. l
Editor-in-Chief
Transactions Voll

Trans. Malaysian Soc. Plant Physiol. 16(2007)

SIMULATED LEAF AREA GROWTH IN AN INTERCROP OF
IMMATURE-RUBBER WITH BANANA AND PINEAPPLE USING THE
SURHIS MODEL
Jalloh M.B., 2Wan Sulaiman W.H., 3Jamal T., 4Mohd Fauzi R., 1Silip J.J.
and 3 Teh C.B.S.
1
School of Sustainable Agriculture, Universiti Malaysia Sabah
Locked Bag 2073 88999 Kota Kinabalu Sabah
2
Faculty of Resource Science and Technology,
Universiti Malaysia Sarawak, 94300 Kota Samarahan, Sarawak
Departments of 3Land Management & 4 Crop Science, Faculty of Agriculture
Universiti Putra Malaysia 43400 UPM Serdang Selangor

1

INTRODUCTION

The leaf is very useful in plants as it is the organ where photosynthesis happens.
Therefore, quantifying leaf area growth in crops is important to plant and crop
physiologists. Accurate non-destructive field measurements of leaf area growth of
crops is time consuming and sometimes problematic or impossible. Simulation
modelling has been shown to be a powerful complimentary tool to conventional
field measurements for predicting and extrapolating crop variables such as the leaf
area growth for different environmental and crop management scenarios. This
paper presents the simulated leaf area growths of an intercropping system of
immature-rubber with banana and pineapple, using a model named SURHIS
(Sharing and Utilisation of Solar Radiation intercepted in a HedgerowIntercropping System).
METHODOLOGY
A computer model (SURHIS), based on the generic model SUCROSl (Goudriaan
and van Laar, 1994), that simulates the daily solar radiation or light interception and
utilization by immature-rubber, banana and pineapple intercropping system was
used to simulate the leaf area growth for the component crops and expressed as leaf
area index (LAI). The model was written in FORTRAN using the Fortran
Simulation Environment (FSE) software (Kraalingen 1995). Results of the model
are output on a daily basis and the model assumes that water and nutrients are nonlimiting and the crops are free of pests and diseases. Temperature, radiation, crop
morpho-physiology and plant population density (PPD) were considered as
influencing factors in the cropping system.
Light interception by leaves was quantified using a modified beer's law
(Monsi & Saeki 1953; Kustas & Norman 1999). Dry matter was quantified in the
model based on the difference between carbon assimilation from photosynthesis and
respiratory losses due to metabolic and growth processes. Part of the dry matter is
differentially partitioned to leaf growth during a crop's life cycle. Leaf area
increment was quantified based on the fraction of assimilates partitioned to the
leaves. This fraction was determined by an empirical routine in the model, which is
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a function of the phenological stage of the crop. Equations 1 and 2 show the
simplified formulae used for calculating the leaf area increment and death.
[1]
[2)

GLAI = SLA • G,,

DLAI=LAI•R,

where,
GLAI
SLA
G1v
DLAI
Rs

= Growth in LAI
= Specific leaf area
= Daily leaf weight increase
= Leaf death rate
= Relative death rate of leaves

(ha kg" 1)
(kg ha·' ct· 1)
(m2 m-2 (oC d)"1)
(°C d)" 1)

The LAI results of the model were compared with results of a field
experiment conducted at field 10 in Universiti Putra Malaysia (UPM) using the
Mean Absolute Error (MAE) analysis (Wilson et al., 1995) shown as equation 3.

MAE=~;-~1_ __

n
[3)
where,

n
= sample size
IYi - Xii = the absolute error term, wherein Yi and Xi are the ith
predicted and observed values respectively

SUMMARY OF FINDINGS
Figures 1 shows that simulated LAI for rubber corresponded well with the observed
data for the UPM plot with MAE of 7.7%. Similarly, banana LAI for parent and the
first ratoon crops were simulated fairly accurately in comparison to the observed
values (Figures 2 and 3) although the model overestimated the parent-crop LAI
from 200 DAP and from 150 days after emergence (DAE) for the first ratoon LAI
till harvest, with MAE of 15.2% and 27.0% respectively.
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Pineapple LAI was simulated with little error compared to the observed
values (Figure 4) although the model little overestimated LAI from about 400 DAP
till harvest with MAE of 6.4%. At 600 days after planting (DAP), the simulated leaf
index (LAI) of rubber and pineapple was on average 1.4 and 4.5 respectively. The
simulated LAI for the parent crop of banana was about 4.3 at peak growth (150
DAP), and at the same time the simulated LAI of the first ratoon crop was about
2.7.
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Figure 1: The observed and simulated LAI of pineapple plants

There have been no studies in the past for this particular intercropping
system which makes comparison with existing literature impossible. However, the
results from the field experiment are in themselves good enough to compare the
simulations. The model overestimated LAI for a greater part of the simulation,
which can be explained by the fact that the model simulation assumes potential
production conditions, which is not quite the case in actual field conditions.

CONCLUSION
The model predicts LAI with sufficient accuracy but there is still room for
improvement where over-estimation occurs, and expansion of the model to include
water and nutrient balances for a more holistic system analysis. The model has a
potential to act as a tool for predicting the LAI of the above intercropping system
for different cropping densities, sunlight and temperature conditions.
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