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            Abstract 
The climate of Kuwait is characterized by very hot, dry summers and cool rainy winters. Although a large number of ornamental plants had proved 
to endure such environmental conditions, Kuwait is dependent on limited species previously introduced to the country. A greater diversification is 
required to increase the plant list in developing landscape projects. Developing plants that have attractive characteristics during all four seasons help 
gardeners reach their goal of a well-planned landscape. Careful plant selection is the key first step in developing a balanced and self perpetuating 
landscape. The purpose of this study was to test and evaluate a list of ornamental shrubs that had not been previously tested for their suitability to 
Kuwait. This study was conducted on twenty six shrub species in an inland  and a coastal site. These plants were obtained from Australia and India. 
The shrubs were tested  for their suitability to withstand the adverse climatic conditions of Kuwait. It was observed that in summer Bambusa 
vulgaris Aureo-variegata, Hakea laurina, Calliandra haematocephala and Justicia aurea were not able to survive the intense heat during the months 
of July and August. Some shrubs like Cestrum diurnum, Eucalyptus websteriana, Hamelia patens, Holmskioldia sanguinea etc. were moderately 
sensitive to the heat and Acacia sclerophylla, Acacia wilhelmina, Hibiscus rosasinensis variegate, Banksia ashbyi, Gossypium sturtianum, Callistemon 
viminalis ‘Captain Cook, Nyctanthes arboretum and Russelia equisetiformis were found to have excellent growth in summer. The survival percentages 
of plants like Geijera parviflora, Gossypium stuartianum, Cestrum diurnum, Holmskioldia sanguinea, Brachychiton rupestris, Nyctanthes arboretum 
and Euphorbia characias were hundred percent. 

Key words: Ornamental plants, diversification, gardeners, landscape, shrub, inland site, coastal site, intense heat. 

                                   www.world-food.net                             Journal of Food, Agriculture & Environment Vol.5 (1) : 273-280. 2007 

WFL Publisher 
Science and Technology 

Meri-Rastilantie 3 C, FI-00980 
Helsinki, Finland 
e-mail: info@world-food.net 

Introduction 
With the rapid development of the urban and suburban areas in 
Kuwait, including residential and commercial areas, the demand 
for greenery and beautification is increasing massively. This 
increase demands vast amounts of diversified plant materials. For 
proper implementation of the various landscape projects, including 
public parks, streetscapes and home gardens, an efficient 
ornamental plant list should be developed. This can only be 
accomplished by plant introduction and screening under the 
prevailing weather conditions of Kuwait. The success of a site- 
suitable landscaping trend depends on appropriate plant 
selection 6-8. 
   The development of a greenery plan for Kuwait requires 
intensive water management. This goal can be achieved through 
manpower training in landscape development, selection of plants 
tolerant to arid environments and usage of appropriate irrigation 
systems 9. Low water use plantings may enhance water 
conservation in dry landscapes. Therefore, the demand for 
landscape plantings that has a low water requirement is increasing. 
In arid landscapes, where nutrients are concentrated in biophilic 
profiles under patches vegetated with either shrubs or perennial 
grasses 1, the presence of these vegetated patches may moderate 
effects of wind and water on movement of plant nutrients, organic 
matter and litter around landscape 2, 10. 
   Residential landscape constitutes a significant portion of the 
urban environment. With the increasing mobility of the society, 

many people come to reside in environments with unfamiliar plant 
communities and environmental conditions 4. Promotion of 
ornamental plants will improve the quality of the environment and 
the increase in the diversity of plants. For the above mentioned 
reasons this study was conducted in two locations, inland and 
coastal site. 
    Shrubs are one of the main components of the landscape. Shrubs 
range from approximately 3 to 10 feet height, are defined as woody 
plants and are multi-stemmed and low branching. Low growing 
shrubs can be arranged to divide space at ground level, a physical 
separation rather than a visual one. Larger shrubs growing above 
eye level will define space. Shrubs can be grown in their natural 
form or on the other hand may be clipped or pruned into shape 3. 
Selecting plants that have attractive characteristics during all four 
seasons helps gardeners reach their goal of a well planned 
landscape 5. Some plants have several attributes that exhibit 
ornamental qualities during each season of the year. A properly 
planted tree or shrub will be tolerant of adverse conditions and 
require much less management than one planted incorrectly. The 
plant should be specifically appropriate to the site or the site 
should be amended to specifically to fit the plant. In this study 
twenty six species of ornamental shrubs, that had not been 
previously tested in Kuwait, were evaluated for their adaptability 
to extreme conditions and their visual impact on the greenery. 
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Methodology 
A total of 26 plant species listed in Table 1 were selected for their 
performance in the extreme climate of Kuwait. These plant species 
were procured from Australia and India, where the climatic 
conditions match with those in Kuwait. These plants were allowed 
to harden in the greenhouse. Before the start of the experiment 
the site was developed, land was cleared of weeds, trash, rocks, 
dirt and other debris. The soil was analyzed for the presence of 
nutrients. Chemical analysis of water was also done prior to 
planting. In the planting holes in both sites 30 cm of the top layer 
was back filled with agricultural soil and peat moss. The sites 
were fine graded and leveled. Soil was disinfected and weed 
treated. Soil was irrigated before planting to leach salts, followed 
by a drying period of two days. The hardened plants were then 
transplanted in the field and a complete randomized block design 
was used. The transplanted plants were medium in size and had a 
healthy green appearance. 

   A complete randomized block design with five replications of all 
experimental plant species in both sites was used. Optimum cultural 
practices were carried out for the transplanted plants. For shrubs, 
60 cm diameter basin was prepared around the plant and a six inch 
pot full of peat moss was applied. A teaspoon full of complex 
fertilizer 15-15-15 was also applied to the base of the plant after 
raking the soil. Subsequent doses of fertilizer were applied at 
monthly intervals. Mealy bug infestation was noticed in some of 
the shrubs and the pest was controlled by spraying Diazinon at 
the rate of 0.01% at weekly intervals. Experimental plant species 
were covered with shade net to protect the plants from high 
temperature and hot winds. Irrigation water amounts were 
regulated to meet the plants requirements according to the season. 
Old, unhealthy and dried branches were removed and the shrubs 
were pruned at a desired height and the shapes of the plant were 
maintained. Weeding was also done at regular intervals. Data on 
survival, plant height, stem diameter and phenological 
observations were documented on bi-monthly basis. 

Results and Discussion 
The data collected were tabulated and their means, standard 
deviation, survival percentages and growth rates were calculated. 
The survival percentages of the plants in both inland and coastal 
site are presented in Table 1, and Fig. 1 is its graphical 
representation. It was observed that by the middle of the 
experimental period 16 species out of the 26 experimental shrubs 
in the inland site recorded 100% survival. Only one shrub recorded 
0%. The remaining shrub survival percentages recorded 20-80%, 
but by the end of the study it was observed that only 9 species 
out of the 26 recorded 100% survival. Six shrubs recorded 0% 
survival and the remaining shrub survival percentages ranged 
from 20 to 80%. In the coastal site, 21 species of the experimental 
shrubs recorded 100% survival during the first half of the 
experiment. Again only one shrub died during that period. The 
survival percentages of remaining shrubs recorded 60-80%. 
Towards the end of the project 15 species recorded 100% survival. 
There was 0% survival for four shrubs, 20-80% survival was 
recorded for remaining shrubs. 
   Tables 2 and 3 indicate the mean, standard deviation and growth 
rates of the experimental shrubs in the inland and coastal site 
respectively. Fig. 2 shows the comparison of growth rates of the 
experimental plants in both sites. It was observed that in the inland 
site, towards the middle of the experimental period the species 
Hakea laurina died. This was due to the extreme temperatures 
prevailed in Kuwait during the months of June, July and August. 
The plant species Russelia equisetiformis showed the maximum 
growth rate of  246.54%. The lowest growth rate of -37.18% was 
observed in Bambusa vulgaris Aureo-variegata. By the end of 
the experiment the plants Callistemon  viminalis ‘Captain Cook’, 
Leptospermum coriaceum, Hakea laurina, Justicia aurea and 
Thryptomene baeckeacea died as they were not able to withstand 
the extreme climatic conditions. Some plants like Acacia 
wilhelmina, Hibiscus rosasinensis variegate, Banksia ashbyi and 
Gossypium sturtianum showed more than 200% growth rate. The 
plant species Justicia aurea died in the coastal site, when the 
experiment was half way through, as it could not withstand variable 
climatic conditions. The highest growth rate of 250.97% was 
recorded for Acacia wilhelmina.  Only three plant species, namely 

Survival (%) 
Plant species 

Inland site Coastal site 

Eucalyptus torwood 80 100 

Acacia sclerophylla 60 100 

Acacia wilhelmina 60 100 

Geijera parviflora 100 100 

Hibiscus rosasinensis variegata 0 100 

Bambusa vulgaris Aureovariegata 40 80 

Banksia ashbyi 40 100 

Gossypium sturtianum 100 100 

Calliandra haematocephala 20 60 

Callistemon  viminalis ‘Captain Cook’ 0 100 

Cestrum diurnum 100 100 

Eucalyptus nutans 100 60 

Eucalyptus websteriana 40 20 

Leptospermum coriaceum 0 20 

Hakea laurina 0 0 

Hamelia patens 60 0 

Holmskioldia sanguinea 100 100 

Brachychiton rupestris 100 100 

Justicia aurea 0 0 

Nyctanthes arboretum 100 100 

Murraya exotica 80 60 

Phyllanthus nivosus 100 60 

Thryptomene baeckeacea 0 0 

Russelia equisetiformis 80 100 

Tecoma argentina 80 100 

Euphorbia characias 100 100 

Table 1. Survival percentage of experimental shrubs in the 
inland and coastal site. 

DAP=Days after planting, SD=Standard deviation. 
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Calliandra haematocephala, Murraya exotica and Phyllanthus 
nivosus, had negative growth rates. When compared to the growth 
rates of the plants in the inland site the plants in the costal site did 
well even under extreme climatic conditions. 
   The means and standard deviations of plant caliper of the 
experimental shrubs in the inland and coastal site are presented in 

Tables 4 and 5 respectively. Tables 6 and 7 respectively, represent 
the plant cover of the shrubs under study in the inland and costal 
site. The effect of high temperature and low temperature on the 
growth of plants is explained in Tables 8 and 9, respectively. 

Figure 1. Survival percentages of experimental shrubs in inland and coastal sites. 
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Figure 2. Growth rate of experimental shrubs in inland and coastal sites. 
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Initial  120 DAP  240 DAP  360 DAP  Final 
Plant species 

Mean SD Mean SD Mean SD Mean SD Mean SD 
Growth 
rate (%) 

Eucalyptus torwood 45.80 15.30 56.80 12.64 99.20 16.66 148.25 35.52 152.50 35.52 168.49 

Acacia sclerophylla 30.00 4.74 41.00 6.82 65.25 20.43 73.00 3.61 74.67 5.13 153.97 

Acacia wilhelmina 31.00 12.71 37.60 13.01 87.60 24.47 100.67 21.59 101.00 23.26 225.81 

Geijera parviflora 39.20 14.48 32.40 2.07 56.80 4.82 73.80 16.42 75.80 19.66 133.95 

Hibiscus rosasinensis variegata 33.40 3.05 18.40 5.68 28.67 10.02 Dead Dead Dead Dead Dead 

Bambusa vulgaris Aureo-variegata 109.20 20.66 82.60 8.85 68.60 11.50 65.50 10.61 61.50 12.02 -36.73 

Banksia ashbyi 24.80 3.27 32.00 3.67 39.75 10.72 49.00 12.73 46.00 14.14 94.92 

Gossypium sturtianum 48.60 8.41 80.00 2.92 116.40 17.11 108.80 53.84 111.20 11.08 105.17 

Calliandra haematocephala 84.40 8.99 81.25 16.94 90.67 13.58 92.50 43.13 140.00 0.00 52.84 

Callistemon  viminalis ‘Captain Cook’ 93.40 34.00 135.40 23.14 183.60 36.57 258.80 20.63 Dead Dead Dead 

Cestrum diurnum 30.80 5.81 67.20 18.81 111.60 18.37 62.40 6.27 262.40 19.09 290.48 

Eucalyptus nutans 35.40 7.02 54.20 5.36 84.20 8.38 92.60 8.65 77.60 14.54 114.36 

Eucalyptus websteriana 31.50 6.61 47.60 10.78 74.25 4.79 84.50 13.44 73.00 2.83 100.55 

Leptospermum coriaceum 31.33 1.15 26.40 3.21 19.50 0.71 Dead Dead Dead Dead Dead 

Hakea laurina 54.20 9.31 61.40 13.03 Dead Dead Dead Dead Dead Dead Dead 

Hamelia patens 28.20 3.83 32.80 4.76 42.40 9.07 103.00 9.00 104.00 9.17 312.70 

Holmskioldia sanguinea 33.80 4.49 27.00 4.24 41.40 4.72 58.80 6.18 63.40 5.77 92.12 

Brachychiton rupestris 56.60 32.10 43.40 9.45 65.60 16.15 70.00 22.51 69.80 24.58 60.83 

Justicia aurea 20.20 13.05 26.33 20.55 39.00 0.00 Dead Dead Dead Dead Dead 

Nyctanthes arboretum 44.60 11.65 50.80 8.70 82.60 22.41 128.60 31.09 132.40 31.44 172.43 

Murraya exotica 67.20 15.27 74.00 14.67 67.75 10.78 74.25 8.66 67.75 17.21 5.53 

Phyllanthus nivosus 62.20 5.89 64.80 6.14 62.80 5.17 71.00 4.47 61.00 25.08 -0.33 

Thryptomene baeckeacea 60.60 12.95 57.60 5.41 47.50 17.82 Dead Dead Dead Dead Dead 

Russelia equisetiformis 24.60 8.26 60.50 30.58 85.25 13.74 126.00 12.52 143.75 35.20 346.43 

Tecoma argentina 112.80 15.66 118.00 16.67 111.40 16.32 142.60 54.48 149.00 65.43 40.83 

Euphorbia characias 30.00 9.77 33.20 5.81 42.80 3.56 45.80 5.07 43.60 6.35 31.33 

Table 2. Periodical means and standard deviations of plant height (cm) of the experimental plants in the inland site. 

DAP=Days after planting, SD=Standard deviation, Growth rate={(Final height-Initial height)/Initial height}x100. 

Initial  120 DAP  240 DAP  360 DAP  Final 
Plant species 

Mean SD Mean SD Mean SD Mean SD Mean SD 
Growth 
rate (%) 

Eucalyptus torwood 52.60 10.01 66.80 13.22 93.40 13.35 112.80 24.02 114.20 24.49 70.96 

Acacia sclerophylla 29.40 3.58 49.20 7.79 77.60 9.21 83.80 9.98 85.00 10.56 189.12 

Acacia wilhelmina 31.00 8.31 48.60 8.71 108.80 20.00 123.00 23.70 127.20 25.02 310.32 

Geijera parviflora 27.40 13.52 30.00 2.00 57.80 7.01 66.80 8.41 68.40 7.77 128.00 

Hibiscus rosasinensis variegata 35.60 2.61 15.00 1.58 37.00 15.23 50.40 23.72 53.00 22.99 253.33 

Bambusa vulgaris Aureo-variegata 97.20 13.27 83.60 7.60 78.50 38.24 98.50 47.14 98.50 47.87 1.34 

Banksia ashbyi 23.60 6.66 31.40 4.34 61.00 17.86 69.80 20.27 71.00 22.51 200.85 

Gossypium sturtianum 54.20 4.66 66.80 5.89 122.60 9.91 179.20 24.35 186.00 24.67 243.17 

Calliandra haematocephala 91.60 21.26 102.40 8.08 92.33 3.21 99.33 31.56 87.00 36.37 -5.02 

Callistemon  viminalis ‘Captain Cook’ 100.80 13.88 131.40 19.03 168.00 24.65 215.00 21.78 219.00 20.29 117.26 

Cestrum diurnum 50.60 11.26 43.20 11.08 88.40 10.09 93.80 9.52 95.20 8.90 120.37 

Eucalyptus nutans 36.20 7.98 43.80 4.49 64.75 9.00 78.00 4.58 79.00 5.29 118.23 

Eucalyptus websteriana 36.40 5.86 44.00 8.80 69.67 10.21 91.00 0.00 98.00 0.00 169.23 

Leptospermum coriaceum 33.00 4.85 34.60 10.19 46.75 15.52 52.00 0.00 48.00 0.00 38.73 

Hakea laurina 51.00 10.65 67.60 9.45 93.60 12.82 Dead Dead Dead Dead Dead 

Hamelia patens 25.20 8.01 28.40 5.37 31.80 2.39 Dead Dead Dead Dead Dead 

Holmskioldia sanguinea 33.00 4.30 36.00 4.24 42.80 3.19 54.00 7.87 55.00 7.84 66.67 

Brachychiton rupestris 41.00 13.21 42.40 6.43 63.40 11.28 66.60 8.32 67.60 9.71 59.43 

Justicia aurea 28.40 28.43 15.00 6.32 Dead Dead Dead Dead Dead Dead Dead 

Nyctanthes arboretum 48.60 8.53 41.40 7.13 69.20 14.48 92.20 13.81 107.60 8.82 121.40 

Murraya exotica 64.20 12.70 68.60 9.84 59.00 8.19 62.33 19.55 62.00 20.66 -3.43 

Phyllanthus nivosus 61.20 7.29 64.60 7.50 56.20 4.49 49.33 5.69 49.33 6.03 -19.39 

Thryptomene baeckeacea 64.00 7.81 58.20 9.47 76.33 25.58 Dead Dead Dead Dead Dead 

Russelia equisetiformis 32.20 5.93 42.20 9.71 71.00 24.53 78.80 15.48 81.60 16.64 153.42 

Tecoma argentina 105.80 8.58 116.00 11.14 122.00 17.44 143.20 14.82 143.60 13.58 35.73 

Euphorbia characias 36.60 8.44 31.80 5.45 37.80 3.70 36.00 8.60 37.40 6.58 17.61 

Table 3. Periodical means and standard deviations of plant height (cm) of the experimental plants in the coastal site. 

DAP=Days after planting, SD=Standard deviation, Growth rate={(Final height-Initial height)/Initial height}x100. 
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Initial  120 DAP  240 DAP  360 DAP  Final 
Plant species 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Eucalyptus torwood 4.00 1.00 4.40 0.89 8.00 1.22 10.60 1.82 11.00 2.35 

Acacia sclerophylla 3.80 1.64 6.00 1.00 10.00 0.71 15.00 1.00 15.00 1.00 

Acacia wilhelmina 3.60 0.55 6.60 0.89 15.40 2.61 22.20 4.49 22.40 4.39 

Geijera parviflora 6.40 1.82 5.80 0.45 10.80 1.10 11.80 0.84 12.60 0.55 

Hibiscus rosasinensis variegata 5.20 0.45 4.60 0.55 5.60 0.89 7.60 1.34 7.80 1.10 

Bambusa vulgaris Aureo-variegata 12.60 0.89 12.20 1.48 9.75 3.20 9.50 3.11 9.50 3.11 

Banksia ashbyi 3.60 0.55 6.00 1.22 7.80 1.64 10.40 2.70 10.80 2.95 

Gossypium sturtianum 5.60 0.55 7.20 0.45 20.60 1.52 29.40 2.70 31.60 3.91 

Calliandra haematocephala 6.60 2.19 9.40 1.82 10.00 1.00 12.33 1.53 13.67 3.79 

Callistemon  viminalis ‘Captain Cook’ 7.20 0.84 13.80 1.30 21.80 2.17 30.20 1.48 30.40 1.52 

Cestrum diurnum 4.00 0.71 6.00 1.41 11.20 1.30 13.20 1.48 13.60 1.52 

Eucalyptus nutans 3.40 0.55 6.20 0.84 11.00 2.00 14.00 1.00 14.33 0.58 

Eucalyptus websteriana 2.80 0.45 3.80 0.84 9.00 1.73 14.00 0.00 14.00 0.00 

Leptospermum coriaceum 3.60 1.14 3.40 0.55 4.25 0.50 5.00 0.00 5.00 0.00 

Hakea laurina 5.00 0.71 8.40 1.14 14.40 1.95 Dead Dead Dead Dead 

Hamelia patens 5.00 0.71 5.20 0.45 6.00 0.00 Dead Dead Dead Dead 

Holmskioldia sanguinea 4.20 0.45 4.60 0.55 5.40 0.55 5.80 0.45 6.20 0.45 

Brachychiton rupestris 8.40 2.30 6.40 0.55 12.80 1.92 16.80 3.96 17.40 4.51 

Justicia aurea 7.60 1.52 5.60 1.52 Dead Dead Dead Dead Dead Dead 

Nyctanthes arboretum 4.80 1.10 5.00 0.71 8.00 2.35 10.60 2.07 12.00 1.58 

Murraya exotica 5.80 0.45 5.80 0.45 8.33 0.58 9.33 0.58 9.33 0.58 

Phyllanthus nivosus 6.20 1.64 6.80 1.30 8.20 0.45 9.67 0.58 9.67 0.58 

Thryptomene baeckeacea 7.20 1.10 5.80 0.84 7.33 1.53 Dead Dead Dead Dead 

Russelia equisetiformis 3.00 0.71 4.20 0.84 5.60 1.14 7.20 2.05 8.00 1.58 

Tecoma argentina 11.40 0.89 11.80 0.84 14.40 1.95 16.00 2.55 17.20 3.56 

Euphorbia characias 5.00 1.41 18.20 0.84 20.80 1.30 22.80 1.79 22.80 1.79 

Table 5. Periodic stem diameter (mm) means and standard deviations of experimental shrubs in the coastal site. 

DAP=Days after planting, SD=Standard deviation. 

Initial  120 DAP  240 DAP  360 DAP  Final 
Plant species 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Eucalyptus torwood 4.00 0.00 4.80 0.84 8.80 1.48 16.50 3.11 17.00 2.71 

Acacia sclerophylla 3.20 1.30 4.40 1.14 7.50 2.52 14.00 1.00 14.00 1.00 

Acacia wilhelmina 2.20 0.84 6.20 2.05 12.20 3.96 20.33 2.31 20.67 2.08 

Geijera parviflora 5.40 0.89 5.00 0.71 10.20 1.30 14.60 1.95 14.80 1.92 

Hibiscus rosasinensis variegata 4.00 0.00 5.20 0.84 8.00 1.73 Dead Dead Dead Dead 

Bambusa vulgaris Aureo-variegata 10.80 1.30 10.80 1.30 10.80 1.30 13.00 2.83 13.00 2.83 

Banksia ashbyi 3.60 0.55 5.80 0.45 6.50 0.58 8.50 2.12 9.00 1.41 

Gossypium sturtianum 4.80 0.84 9.00 0.00 11.60 1.14 16.00 1.22 16.00 1.22 

Calliandra haematocephala 5.80 0.45 8.25 0.96 11.00 1.73 15.00 1.41 24.00 0.00 

Callistemon  viminalis ‘Captain Cook’ 6.80 1.10 14.40 2.51 21.60 2.07 31.00 5.34 Dead Dead 

Cestrum diurnum 2.80 1.30 6.00 0.71 10.40 2.07 14.00 0.71 31.60 4.51 

Eucalyptus nutans 3.00 0.71 7.40 0.89 11.40 1.52 14.60 0.89 14.60 0.89 

Eucalyptus websteriana 2.50 0.58 4.40 0.89 7.50 1.29 13.50 0.71 13.50 0.71 

Leptospermum coriaceum 3.67 0.58 3.00 0.00 3.00 0.00 Dead Dead Dead Dead 

Hakea laurina 4.60 0.89 7.40 1.14 Dead Dead Dead Dead Dead Dead 

Hamelia patens 5.20 0.84 7.60 0.55 11.20 1.10 19.33 1.53 21.67 1.15 

Holmskioldia sanguinea 3.20 0.45 3.80 0.45 4.40 0.55 6.20 0.84 6.80 0.45 

Brachychiton rupestris 8.00 3.46 6.60 0.89 10.60 1.95 15.40 3.91 15.40 3.91 

Justicia aurea 5.20 1.30 8.00 1.00 9.00 0.00 Dead Dead Dead Dead 

Nyctanthes arboretum 4.00 1.00 5.60 0.55 9.20 1.92 16.00 3.32 16.20 3.27 

Murraya exotica 4.60 0.55 5.25 0.50 8.00 0.82 12.00 1.15 13.50 2.52 

Phyllanthus nivosus 5.80 0.45 9.40 0.89 11.40 1.52 33.60 43.84 14.80 2.95 

Thryptomene baeckeacea 6.00 0.71 5.00 0.00 5.00 2.58 Dead Dead Dead Dead 

Russelia equisetiformis 3.20 1.30 4.50 1.29 5.50 1.29 11.75 1.71 11.75 1.71 

Tecoma argentina 9.40 0.89 12.40 1.67 13.40 1.52 16.40 2.51 14.50 3.32 

Euphorbia characias 4.00 0.71 18.60 0.55 21.20 0.84 23.00 1.00 24.80 1.79 

Table 4. Periodic stem diameter (mm) means and standard deviations of experimental shrubs in the inland site. 

DAP=Days after planting, SD=Standard deviation. 
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120 DAP 240 DAP 360 DAP Final 
Plant species 

Mean SD Mean SD Mean SD Mean SD 

Eucalyptus torwood 26.20 2.86 40.00 8.63 52.20 12.07 59.80 9.42 

Acacia sclerophylla 44.40 3.21 54.60 2.79 82.40 17.02 83.60 17.01 

Acacia wilhelmina 34.00 3.39 90.00 17.82 129.40 14.84 134.00 16.51 

Geijera parviflora 18.20 3.03 27.60 3.36 53.00 15.62 56.60 15.37 

Hibiscus rosasinensis variegata 9.60 2.41 37.60 23.56 50.80 24.08 52.60 22.63 

Bambusa vulgaris Aureo-variegata 26.40 2.97 25.50 14.73 52.25 15.54 50.25 12.09 

Banksia ashbyi 25.80 2.17 31.20 3.11 45.60 4.72 47.60 6.54 

Gossypium sturtianum 23.40 5.98 76.00 6.04 121.80 14.97 144.20 21.05 

Calliandra haematocephala 12.80 5.07 18.33 4.04 56.33 35.23 69.00 72.81 

Callistemon  viminalis ‘Captain Cook’ 63.40 12.10 80.80 9.47 122.20 6.06 124.60 6.84 

Cestrum diurnum 26.00 0.71 50.20 4.02 66.00 8.69 66.20 8.14 

Eucalyptus nutans 23.60 3.58 59.00 9.35 90.67 27.06 94.67 30.66 

Eucalyptus websteriana 20.40 5.86 35.67 1.53 65.00 0.00 69.00 0.00 

Leptospermum coriaceum 14.80 4.09 29.25 9.71 29.00 0.00 26.00 0.00 

Hakea laurina 25.80 3.63 44.80 6.72 Dead Dead Dead Dead 

Hamelia patens 15.20 4.87 35.80 2.86 Dead Dead Dead Dead 

Holmskioldia sanguinea 36.20 3.96 39.40 3.97 54.60 6.43 54.60 5.59 

Brachychiton rupestris 42.40 5.03 24.00 5.52 23.20 16.89 24.00 17.94 

Justicia aurea 12.40 2.70 Dead Dead Dead Dead Dead Dead 

Nyctanthes arboretum 7.80 1.10 41.60 9.18 51.00 12.41 57.60 8.05 

Murraya exotica 5.40 2.07 11.00 7.81 16.33 3.79 17.33 4.04 

Phyllanthus nivosus 8.20 2.39 18.00 2.12 24.33 7.09 18.67 1.53 

Thryptomene baeckeacea 36.00 5.52 35.67 4.51 Dead Dead Dead Dead 

Russelia equisetiformis 26.40 6.69 55.20 19.74 78.00 24.57 80.60 24.85 

Tecoma argentina 34.80 5.81 44.80 2.28 53.60 5.64 50.80 6.98 

Euphorbia characias 8.60 1.14 34.60 5.03 33.60 1.95 34.40 5.32 

Table 7. Periodic plant canopy diameter (mm) means and standard deviations of experimental shrubs in the 
coastal site. 

DAP=Days after planting, SD=Standard deviation. 

120 DAP  240 DAP  360 DAP  Final 
Plant species 

Mean SD Mean SD Mean SD Mean SD 

Eucalyptus torwood 16.60 5.55 43.00 7.91 72.75 26.13 69.75 31.46 

Acacia sclerophylla 26.80 6.76 52.75 1.89 57.67 6.11 84.33 15.89 

Acacia wilhelmina 34.40 6.02 58.40 15.90 97.33 13.05 99.33 13.80 

Geijera parviflora 12.00 2.92 28.60 2.79 54.80 10.66 56.20 13.26 

Hibiscus rosasinensis variegata 12.60 3.58 32.33 3.06 Dead Dead Dead Dead 

Bambusa vulgaris Aureo-variegata 17.40 5.08 16.40 9.61 30.50 34.65 26.00 28.28 

Banksia ashbyi 24.80 6.30 33.75 6.90 51.50 24.75 55.50 24.75 

Gossypium sturtianum 17.20 3.63 57.00 5.96 87.80 7.46 64.00 13.58 

Calliandra haematocephala 21.50 8.35 38.33 20.26 56.00 11.31 129.00 0.00 

Callistemon  viminalis ‘Captain Cook’ 61.40 18.15 81.40 6.23 144.60 18.23 Dead Dead 

Cestrum diurnum 21.00 7.68 37.60 6.84 24.20 7.40 149.80 18.62 

Eucalyptus nutans 43.80 10.38 63.80 6.10 77.40 5.98 70.60 17.42 

Eucalyptus websteriana 23.60 12.70 34.00 2.16 40.50 0.71 51.50 4.95 

Leptospermum coriaceum 12.80 2.28 26.00 1.41 Dead Dead Dead Dead 

Hakea laurina 13.80 2.59 Dead Dead Dead Dead Dead Dead 

Hamelia patens 32.60 4.04 45.00 4.90 132.67 12.01 134.00 12.12 

Holmskioldia sanguinea 24.80 4.09 36.60 7.99 40.40 8.85 56.20 7.76 

Brachychiton rupestris 27.60 5.55 32.20 7.40 27.80 13.79 32.80 14.50 

Justicia aurea 12.00 9.54 2.00 0.00 Dead Dead Dead Dead 

Nyctanthes arboretum 21.60 5.03 45.40 4.56 81.00 18.26 83.00 20.45 

Murraya exotica 13.75 2.75 15.50 2.52 27.75 2.06 43.75 9.03 

Phyllanthus nivosus 22.00 2.35 22.40 5.18 37.40 4.62 37.20 10.80 

Thryptomene baeckeacea 17.60 1.82 16.00 4.69 Dead Dead Dead Dead 

Russelia equisetiformis 53.50 21.49 67.75 2.36 88.00 11.22 115.50 27.74 

Tecoma argentina 34.00 15.05 24.20 6.83 53.20 23.93 58.50 31.43 

Euphorbia characias 23.00 2.74 36.60 4.28 38.80 2.49 41.40 5.03 

Table 6. Periodic plant canopy diameter (mm) means and standard deviations of experimental shrubs in the 
inland site. 

DAP=Days after planting, SD=Standard deviation. 



Journal of Food, Agriculture & Environment, Vol.5 (1), January 2007      279 

Pl
an

t s
pe

ci
es

 
E

ff
ec

ts
 o

f 
lo

w
 te

m
pe

ra
tu

re
 

E
uc

al
yp

tu
s 

to
rw

oo
d 

G
oo

d 
gr

ow
th

. 
C

ha
ra

ct
er

is
tic

 g
re

en
 l

ea
ve

s 
w

er
e 

de
ve

lo
pe

d.
 I

nc
re

as
e 

in
 h

ei
gh

t 
of

 th
e 

pl
an

t w
as

 n
ot

ic
ed

 
A

ca
ci

a 
sc

le
ro

ph
yl

la
 

G
oo

d 
gr

ow
th

. 
T

he
 b

ra
nc

he
s 

w
er

e 
w

el
l 

de
ve

lo
pi

ng
 a

nd
 s

pr
ea

d.
 N

o 
ef

fe
ct

 o
f 

co
ld

 o
n 

th
e 

gr
ow

th
. 

A
ca

ci
a 

w
ilh

el
m

in
a 

E
xc

el
le

nt
 g

ro
w

th
. 

B
ra

nc
he

s 
sp

re
ad

 t
o 

m
or

e 
ar

ea
. 

W
el

l 
de

ve
lo

pe
d 

gr
ee

ni
sh

 
le

av
es

 n
ot

ic
ed

. 
G

ei
je

ra
 p

ar
vi

flo
ra

 
V

er
y 

go
od

 g
ro

w
th

. 
 B

ra
nc

he
s 

w
er

e 
w

el
l 

de
ve

lo
pi

ng
 f

ro
m

 t
he

 e
nt

ir
e 

st
em

. 
H

ea
lth

y 
le

av
es

. 
H

ib
is

cu
s 

ro
sa

si
ne

ns
is

 v
ar

ie
ga

ta
 

C
ha

ra
ct

er
is

tic
 v

ar
ie

ga
te

d 
le

av
es

 w
er

e 
fo

rm
ed

. N
o 

ef
fe

ct
 o

f 
co

ld
 o

n 
th

e 
gr

ow
th

 
an

d 
de

ve
lo

pm
en

t. 
In

cr
ea

se
 in

 h
ei

gh
t o

f 
th

e 
pl

an
t w

as
 n

ot
ic

ed
.  

B
am

bu
sa

 v
ul

ga
ri

s 
A

ur
eo

-v
ar

ie
ga

ta
 

N
um

er
ou

s 
su

ck
er

s 
w

er
e 

de
ve

lo
pe

d 
fr

om
 t

he
 b

as
e.

 T
he

 s
uc

ke
rs

 w
er

e 
ac

tiv
el

y 
gr

ow
in

g.
 

B
an

ks
ia

 a
sh

by
i 

G
re

en
er

 l
ea

ve
s 

co
m

pa
re

d 
to

 s
um

m
er

. 
In

cr
ea

se
 i

n 
he

ig
ht

 o
f 

th
e 

pl
an

ts
 w

as
 

no
tic

ed
. 

G
os

sy
pi

um
 s

tu
rt

ia
nu

m
 

E
xc

el
le

nt
 

gr
ow

th
. 

In
cr

ea
se

 
in

 
he

ig
ht

 
of

 
th

e 
pl

an
ts

 
w

as
 

no
tic

ed
.

W
el

l 
de

ve
lo

pm
en

t 
of

 t
he

 t
ru

nk
. 

N
um

er
ou

s 
sp

ro
ut

s 
w

er
e 

fo
rm

ed
 f

ro
m

 t
he

 b
as

al
 

re
gi

on
. 

C
al

lia
nd

ra
 h

ae
m

at
oc

ep
ha

la
 

N
o 

pr
om

in
en

t 
gr

ow
th

. 
St

em
 t

ip
s 

w
er

e 
dr

ie
d.

 B
ra

nc
he

s 
w

er
e 

pr
od

uc
ed

 f
ro

m
 

en
tir

e 
re

gi
on

 g
av

e 
th

e 
pl

an
t a

 b
us

hy
 a

pp
ea

ra
nc

e.
 

C
al

lis
te

m
on

 v
im

in
al

is
  '

C
ap

ta
in

 C
oo

k'
 

G
oo

d 
gr

ow
th

. 
N

o 
ef

fe
ct

 o
f 

co
ld

 o
n 

th
e 

gr
ow

th
 o

f 
th

e 
pl

an
t. 

W
el

l 
de

ve
lo

pe
d 

tr
un

k 
an

d 
br

an
ch

es
. 

C
es

tr
um

 d
iu

rn
um

 
N

or
m

al
 g

ro
w

th
. 

E
uc

al
yp

tu
s 

nu
ta

ns
 

T
he

 m
ar

gi
ns

 o
f 

le
av

es
 w

er
e 

dr
ie

d.
 D

ev
el

op
m

en
t 

of
 l

at
er

al
 b

ra
nc

he
s 

ga
ve

 a
 

w
id

er
 c

an
op

y 
to

 th
e 

pl
an

t. 
E

uc
al

yp
tu

s 
w

eb
st

er
ia

na
 

N
o 

ef
fe

ct
. T

he
 le

av
es

 w
er

e 
gr

ee
ne

r.
 

Le
pt

os
pe

rm
um

 c
or

ia
ce

um
 

Pl
an

ts
 lo

st
 v

ig
or

. A
lm

os
t s

tu
nt

ed
 g

ro
w

th
 th

ro
ug

ho
ut

 th
e 

pe
ri

od
. 

H
ak

ea
 la

ur
in

a 
T

ot
al

 lo
ss

 o
f 

pl
an

t. 

H
am

el
ia

 p
at

en
s 

G
oo

d 
gr

ow
th

.  

H
ol

m
sk

io
ld

ia
 s

an
gu

in
ea

 
E

xc
el

le
nt

 g
ro

w
th

. T
he

 le
av

es
 w

er
e 

m
or

e 
gr

ee
ni

sh
 th

an
 th

at
 in

 th
e 

su
m

m
er

. 

B
ra

ch
yc

hi
to

n 
ru

pe
st

ri
s 

V
er

y 
go

od
 g

ro
w

th
. W

el
l 

de
ve

lo
pe

d 
st

em
 a

nd
 l

ea
ve

s.
 G

oo
d 

yo
un

g 
le

av
es

 w
er

e 
co

m
in

g 
fr

om
 a

xi
ls

. 
Ju

st
ic

ia
 a

ur
ea

 
T

ot
al

 lo
ss

 d
ur

in
g 

su
m

m
er

. 

N
yc

ta
nt

he
s 

ar
bo

re
tu

m
 

E
ve

n 
th

ou
gh

 t
he

 p
la

nt
s 

fl
ow

er
ed

, 
as

 t
he

 s
ea

so
n 

pr
og

re
ss

ed
 t

he
 l

ea
ve

s 
st

ar
te

d 
dr

yi
ng

. 
T

he
 d

ry
in

g 
st

ar
te

d 
fr

om
 t

he
 m

ar
gi

ns
 a

nd
 t

he
n 

co
ve

re
d 

th
e 

en
tir

e 
ar

ea
. 

N
ew

 le
av

es
 w

er
e 

pr
od

uc
ed

. T
he

 s
te

m
 w

as
 a

ls
o 

he
al

th
y.

 
M

ur
ra

ya
 e

xo
tic

a 
A

lm
os

t 
re

ta
rd

ed
 g

ro
w

th
. 

T
he

 l
ea

ve
s 

sh
ow

ed
 c

hl
or

os
is

. 
T

he
 d

ri
ed

 l
ea

ve
s 

w
er

e 
se

en
 h

an
gi

ng
 o

n 
th

e 
pl

an
t 

P
hy

ll
an

th
us

 n
iv

os
us

 
G

oo
d 

gr
ow

th
. T

he
 ti

p 
of

 th
e 

st
em

s 
w

as
 d

ri
ed

. T
he

 le
av

es
 s

ho
w

ed
 c

ha
ra

ct
er

is
tic

 
m

os
ai

c 
pa

tte
rn

. 
Th

ry
pt

om
en

e 
ba

ec
ke

ac
ea

 
T

ot
al

 lo
ss

 d
ur

in
g 

su
m

m
er

. 

R
us

se
lia

 e
qu

is
et

ifo
rm

is
 

E
xc

el
le

nt
 g

ro
w

th
. A

dd
iti

on
al

 s
uc

ke
rs

 w
er

e 
pr

od
uc

ed
 f

ro
m

 th
e 

ba
se

. T
he

 s
te

m
s 

ex
te

nd
ed

 u
pw

ar
ds

. T
he

 p
la

nt
s 

w
er

e 
fl

ow
er

ed
. 

Te
co

m
a 

ar
ge

nt
in

a 
T

he
 p

la
nt

s 
w

er
e 

he
al

th
y 

bu
t 

th
e 

ra
te

 o
f 

gr
ow

th
 w

as
 v

er
y 

sl
ow

. 
A

dd
iti

on
al

 
br

an
ch

es
 w

er
e 

pr
od

uc
ed

 f
ro

m
 th

e 
m

id
dl

e 
pa

rt
 o

f 
th

e 
st

em
. 

E
up

ho
rb

ia
 c

ha
ra

ci
as

 
E

xc
el

le
nt

 g
ro

w
th

. 
A

dd
iti

on
al

 p
ro

du
ct

io
n 

of
 f

lo
w

er
s 

du
ri

ng
 t

hi
s 

se
as

on
. 

M
or

e 
br

an
ch

es
 w

er
e 

pr
od

uc
ed

 a
nd

 a
ll 

th
e 

br
an

ch
es

 b
or

e 
fl

ow
er

s.
  

Ta
bl

e 9
. T

he
 ef

fe
ct

 o
f l

ow
 te

m
pe

ra
tu

re
 o

n 
th

e g
ro

w
th

 o
f e

xp
er

im
en

ta
l s

hr
ub

s. 
Ta

bl
e 8

. T
he

 ef
fe

ct
 o

f h
ig

h 
te

m
pe

ra
tu

re
 o

n 
th

e g
ro

w
th

 o
f e

xp
er

im
en

ta
l s

hr
ub

s. 

Pl
an

t  
sp

ec
ie

s 
E

ff
ec

ts
 o

f 
te

m
pe

ra
tu

re
 

E
uc

al
yp

tu
s 

to
rw

oo
d 

N
ot

 a
ff

ec
te

d 
by

 h
ea

t. 
 

A
ca

ci
a 

sc
le

ro
ph

yl
la

 
G

oo
d 

gr
ow

th
. M

or
e 

br
an

ch
es

 h
ad

 d
ev

el
op

ed
 a

nd
 g

re
w

 l
at

er
al

ly
 c

ov
er

in
g 

m
or

e 
ar

ea
. E

ff
ec

t o
f 

he
at

 o
n 

pl
an

ts
 n

ot
 n

ot
ic

ea
bl

e.
 

A
ca

ci
a 

w
ilh

el
m

in
a 

E
xc

el
le

nt
 g

ro
w

th
. 

M
or

e 
la

te
ra

l 
gr

ow
th

 a
nd

 t
he

 l
ea

ve
s 

ar
e 

go
od

 a
nd

 g
re

en
 i

n 
co

lo
r.

 
G

ei
je

ra
 p

ar
vi

flo
ra

 
N

o 
dr

yi
ng

. 
So

m
e 

le
av

es
 w

hi
ch

 a
re

 d
ir

ec
tly

 e
xp

os
ed

 t
o 

su
nl

ig
ht

 w
er

e 
af

fe
ct

ed
. 

M
or

e 
br

an
ch

es
 w

er
e 

fo
rm

ed
 a

nd
 n

ew
ly

 f
or

m
ed

 le
av

es
 w

er
e 

gr
ee

ne
r.

 
H

ib
is

cu
s 

ro
sa

si
ne

ns
is

 v
ar

ie
ga

ta
 

G
oo

d 
bu

sh
y 

gr
ee

n 
gr

ow
th

. M
or

e 
br

an
ch

es
. N

ot
 a

ff
ec

te
d 

by
 h

ea
t. 

B
am

bu
sa

 v
ul

ga
ri

s 
A

ur
eo

-v
ar

ie
ga

ta
 

T
ot

al
 lo

ss
 o

f 
pl

an
ts

. 
B

an
ks

ia
 a

sh
by

i 
V

er
y 

go
od

 g
ro

w
th

 w
he

n 
co

m
pa

re
d 

w
ith

 th
e 

w
in

te
r 

se
as

on
. I

nc
re

as
e 

in
 h

ei
gh

t o
f 

th
e 

pl
an

ts
. H

av
e 

de
ve

lo
pe

d 
m

or
e 

br
an

ch
es

. A
 s

lig
ht

 d
is

co
lo

ra
tio

n 
of

 t
he

 l
ea

ve
s 

w
as

 n
ot

ic
ed

. 
G

os
sy

pi
um

 s
tu

rt
ia

nu
m

 
E

xc
el

le
nt

 g
ro

w
th

. 
T

he
re

 w
as

 n
o 

ef
fe

ct
 o

f 
he

at
. 

In
cr

ea
se

 i
n 

th
e 

st
em

 t
hi

ck
ne

ss
 

w
as

 n
ot

ic
ed

. 
C

al
lia

nd
ra

 h
ae

m
at

oc
ep

ha
la

 
A

ff
ec

te
d 

by
 h

ea
t. 

T
w

o 
pl

an
ts

 w
er

e 
de

ad
. 

T
he

 u
pp

er
 l

ea
ve

s 
ha

d 
dr

ie
d.

 D
ry

in
g 

st
ar

ts
 f

ro
m

 le
af

 m
ar

gi
ns

. 
C

al
lis

te
m

on
 v

im
in

al
is

  '
C

ap
ta

in
 C

oo
k'

 
E

xc
el

le
nt

 g
ro

w
th

. M
or

e 
br

an
ch

es
. 

C
es

tr
um

 d
iu

rn
um

 
Y

el
lo

w
in

g 
of

 le
av

es
 w

as
 n

ot
ic

ed
. N

ew
 s

pr
ou

ts
 c

an
 b

e 
se

en
 f

ro
m

 th
e 

ba
se

 o
f 

th
e 

pl
an

ts
. 

L
ea

ve
s 

sh
ow

 w
ri

nk
lin

g 
w

hi
ch

 i
n 

la
te

r 
st

ag
es

 t
ur

n 
in

to
 a

 c
up

 l
ik

e 
st

ru
ct

ur
e.

 
E

uc
al

yp
tu

s 
nu

ta
ns

 
N

ot
 m

uc
h 

af
fe

ct
ed

 b
y 

hi
gh

 t
em

pe
ra

tu
re

. 
Sl

ig
ht

 b
ur

ni
ng

 o
f 

le
av

es
 d

ue
 t

o 
he

at
, 

bu
t n

or
m

al
 c

an
op

y 
de

ve
lo

pm
en

t w
as

 g
oo

d.
  

E
uc

al
yp

tu
s 

w
eb

st
er

ia
na

 
So

m
e 

le
av

es
 w

er
e 

dr
ie

d.
 L

os
s 

of
 v

ig
or

 o
f 

pl
an

t w
as

 n
ot

ic
ed

. 
Le

pt
os

pe
rm

um
 c

or
ia

ce
um

 
T

ot
al

 d
ry

in
g 

of
 le

av
es

 a
nd

 s
te

m
. D

ry
in

g 
st

ar
ts

 f
ro

m
 th

e 
to

p 
of

 th
e 

pl
an

t. 
H

ak
ea

 la
ur

in
a 

T
ot

al
 lo

ss
 o

f 
pl

an
t. 

H
am

el
ia

 p
at

en
s 

L
ea

ve
s 

dr
ie

d.
 B

ut
 th

e 
fl

ow
er

s
w

er
e 

st
ill

 in
 th

e 
pl

an
t. 

T
he

 s
ha

pe
 a

nd
 s

tr
uc

tu
re

 o
f 

th
e 

pl
an

t w
as

 lo
st

. N
ew

 s
pr

ou
ts

 c
an

 b
e 

se
en

 in
 th

e 
ax

ils
. 

H
ol

m
sk

io
ld

ia
 s

an
gu

in
ea

 
D

ri
ed

 l
ea

f 
tip

s.
 N

ew
 h

ea
lth

y 
sh

oo
ts

 a
re

 c
om

in
g.

 D
ar

k 
di

sc
ol

or
at

io
n 

of
 t

he
 

le
av

es
 w

as
 d

ue
 to

 b
ur

ni
ng

. 
B

ra
ch

yc
hi

to
n 

ru
pe

st
ri

s 
A

ll 
th

e 
le

av
es

 w
er

e 
dr

ie
d,

 b
ut

 t
he

 s
te

m
 r

em
ai

ns
 g

re
en

. 
T

he
 d

ry
in

g 
st

ar
ts

 f
ro

m
 

m
ar

gi
ns

 o
f 

le
av

es
 l

ea
di

ng
 t

o 
to

ta
l 

dr
yi

ng
 o

f 
le

af
 l

am
in

a,
 l

ea
vi

ng
 o

nl
y 

th
e 

ve
in

s 
of

 le
av

es
 o

n 
pl

an
t. 

Ju
st

ic
ia

 a
ur

ea
 

T
ot

al
 d

ry
in

g 
of

 th
e 

pl
an

t. 
N

yc
ta

nt
he

s 
ar

bo
re

tu
m

 
G

oo
d 

gr
ow

th
 o

f 
th

e 
pl

an
ts

. B
us

hy
 g

re
en

 g
ro

w
th

 w
as

 n
ot

ic
ed

. O
ld

 l
ea

ve
s 

sh
ow

 
se

ne
sc

en
ce

 w
ith

ou
t d

ry
in

g.
 F

ul
ly

 e
xp

an
de

d 
le

af
 la

m
in

a 
w

as
 s

ee
n.

 
M

ur
ra

ya
 e

xo
tic

a 
R

et
ar

de
d 

gr
ow

th
 o

f 
th

e 
pl

an
ts

. L
ea

ve
s 

sh
ow

 p
ar

tia
l 

dr
yi

ng
 a

nd
 s

he
dd

in
g.

 O
nl

y 
th

e 
m

ai
n 

st
em

 r
em

ai
ns

. 
P

hy
lla

nt
hu

s 
ni

vo
su

s 
N

o 
le

af
 o

n 
th

e 
pl

an
ts

, b
ut

 th
e 

st
em

 r
em

ai
ns

 h
ea

lth
y.

 
Th

ry
pt

om
en

e 
ba

ec
ke

ac
ea

 
St

em
 a

nd
 le

av
es

 w
er

e 
dr

ie
d.

 S
te

m
 s

ho
w

s 
da

rk
 d

is
co

lo
ra

tio
n.

 
R

us
se

lia
 e

qu
is

et
ifo

rm
is

 
G

oo
d 

gr
ow

th
. 

In
cr

ea
se

 i
n 

th
e 

he
ig

ht
 o

f 
th

e 
pl

an
t. 

M
or

e 
sh

oo
ts

 w
er

e 
em

er
gi

ng
 

fr
om

 th
e 

ba
se

 o
f 

th
e 

pl
an

t. 
In

cr
ea

se
 in

 th
e 

le
ng

th
 o

f 
th

e 
in

te
r-

no
da

l r
eg

io
n.

 
Te

co
m

a 
ar

ge
nt

in
a 

N
o 

in
cr

ea
se

 i
n 

st
em

 g
ro

w
th

 w
as

 n
ot

ic
ed

. B
ut

 t
he

re
 w

as
 a

n 
in

cr
ea

se
 i

n 
th

e 
st

em
 

th
ic

kn
es

s 
in

 th
e 

up
pe

r 
pa

rt
 o

f 
th

e 
m

ai
n 

st
em

.  
E

up
ho

rb
ia

 c
ha

ra
ci

as
 

Pa
rt

ia
l d

ry
in

g 
of

 le
av

es
. N

um
er

ou
s 

ne
w

 s
ho

ot
s 

ar
e 

co
m

in
g 

fr
om

 th
e 

ba
se

 g
iv

in
g 

th
e 

pl
an

ts
 a

 b
us

hy
 a

pp
ea

ra
nc

e.
 L

ea
ve

s 
tu

rn
ed

 t
o 

pa
le

 g
re

en
. 

L
os

s 
of

 v
ig

or
 o

f 
pl

an
ts

. 



     280 Journal of Food, Agriculture & Environment, Vol.5 (1), January 2007 

Acknowledgement 
The project team would like to thank the Kuwait Foundation for 
the Advancement of Sciences for their financial support of the 
study; as well as the management of the Kuwait Institute for 
Scientific Research for their continued support and interest in the 
project. 

References 
1Charley, J. L. 1972. The role of shrubs in nutrient cycling. In Mc Kell, 

C. M., Blaisdell, J. P. and Goodin, J. R. (eds). Wildland Shrubs - Their 
Biology and Utilization. USDA Forest Service, Logan, UT, pp. 182- 
203. 

2Shachak, M. and Pickett, S. T. A. 1997. Linking ecological and 
understanding and application: Patchiness in a dryland system. In 
Pickett, S. T. A., Ostfield, R. S., Shachak, S. and Likens, G.E. (eds). 
The Ecological Basis of Conservation: Heterogeniety, Ecosystems and 
Biodiversity. Chapman Hall, New York, pp. 108-119. 

3Khalil, M., Bhat, N. R., Al-Mulla, L. A., Al-Dossery, S., Bellen, R., Al- 
Zalzalah, M., D’Cruz, G. and Cruz, R. 2006. Evaluation of New 
Ornamental Plants for Use in Kuwait’s Landscape and Demonstration 
Gardens Establishment (FA024C). Kuwait Institute for Scientific 
Research, Progress Report No. V. KISR 8084, Kuwait. 

4Larsen, L. and Harlan, S. 2005. Desert dreamscapes: Residential landscape 
preference and behavior. Landscape and Urban Planning (in press). 

5Los, M., Kerrigan, J. and Zondag, R. 2001. Deciduous trees and shrubs 
with all season interest. Ohio University Fact Sheet, Horticulture and 
Crop Science, FyffeCourt, Columbus, OH 4321-1096. 

6Save, R., Biel, C. and de Herralde, F. 2002. Leaf pubescence, water 
relations and chlorophyll fluorescence of two subspecies of Lotus 
creticus L. Biol. Plant. 43:239–244. 

7Save, R., de Herralde, F., Cabot, P. and Biel, C. 1996. Revegetation, a 
proposal between gardening and restoration. Archit. Landscape 22:18– 
19. 

8Save, R., de Herralde, F., Perales, I. and Biel, C. 1997. Revegetation 
based on ecophysiological criteria. Proceedings of the Third Spanish– 
Portuguese Symposium on Plant Water Relations, pp. 28–31. 

9Suleiman, M. K. and Abdal, M. S.  2002. Water availability for the 
greening of Kuwait. 2002.  Limnologica - Ecology and Management of 
Inland Waters  32(4):322-328. 

10Tongway, D. J. and Ludwig, J. A. 1994. Small-scale resource 
heterogeneity in semiarid landscapes. Pacific Conservation Biology 
1:201-208. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


