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Abstract 

Eucalyptus is the most important genus planted in worldwide and shows a broad productivity response 

depending on species, clones and soils factors. At present, about 2.5 million ha of Eucalypts plantations 

are maintained for paper and pulp and wood based industries take lead in Eucalyptus clonal plantations 

under farmland. Clonal selection and deployment is receiving attention as an intensive forest 

management tool for increased wood production. While screening Eucalyptus clones for high 

productivity and good pulpwood traits, it is equally important to have knowledge on such selected clones 

for their nutrient use efficiency. Institute of Forest Genetics and Tree Breeding, Coimbatore, India has a 

long term systematic tree improvement programme in Eucalyptus spp. aimed to enhancing productivity 

and screening of clones for site specific. In the process, twenty four clones of Eucalyptus spp. were 

studied for the nutrient use efficiency from the established clonal trials. Considerable variations were 

observed when the selected 24 clones of Eucalyptus clones were subjected to nutrient use efficiency 

studies. In the case of nutrient use efficiency for production of biomass and the stem wood, C-188, C-10, 

C-14, C-19, C-123 and C-186 clones are registered lower consumption of available nutrients for 

production of biomass and stem wood compared to ITC clones and the seed origin seedlings. 
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Introduction 
Eucalypts are among the most widely cultivated forest trees in the world. The major 
Eucalyptus growing countries are China, India and Brazil. Growth rates that routinely exceed 

35 m3 ha−1 year−1. These fast-growing plantations can be grown under a range of different 

climates for products that include pulp and paper, charcoal, fuel wood, and solid wood 

products such as poles, furniture, and construction timber. Being endemic to Australia, 
Southeast Asia, and the Pacific, eucalypts are grown mainly as exotic species (Davidson, 

1995; Stape, 2002; ICFRE, 2010) [3, 23, 10]. Eucalyptus shows a broad productivity response 

depending on species, clones and soil factors (Onyekwelu et al. 2011) [18]. Eucalyptus sp. has 

some of the highest net primary productivity rates up to 49 m3 ha–1 year–1. Mean annual 
increments of clone plantation of Eucalyptus sp. with no fertilization, with fertilization and 

fertilization combined with irrigation are 33, 46 and 62m3 ha–1 year–1, respectively. The high 

biomass accumulation potential makes Eucalyptus sp. a good prospect for timber, wood 

products and carbon sequestration projects. Clonal selection and deployment in Eucalyptus is 
receiving attention as an intensive forest management tool for increased wood production. 

Many pulp and paper and other wood based industries are now establishing clonal forestry 

programme after the promulgation of 1988 National Forest Policy.  

The National Forest Policy has given clear cut indication that the forest based industries must 
prefer to raise required raw materials by themselves. The industries should establish direct 

relationship with individual growers of raw material by providing them credit, technical 

advice, harvesting and transport services. The policy also indicated that small and marginal 

farmers have to be encouraged to grow wood species required in forest based industries in 
their marginal and submarginal lands. Eucalyptus clonal planting has been said to have 

advantages includes quick provision of benefits associated with fast growth, short rotation for 

production of pulp wood (about 70 M T ha-1), ready marketing and other reasons. It is an 

important industrial species and now popularized among the farmers due to varies reasons 
especially climatic vagaries (erratic and shortage of total rainfall, variation in the distribution, 

etc.) and shortage of irrigation to agriculture. 

Short-rotation forests, associated with the high use of local resources, have raised questions 
related to the ecological impact of plantations and the sustainability of timber production by 

the forest which, among other factors, is determined by the nutrient balance of the soil-plant 

system (Santana, 2008) [20]. 
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Increasing the efficiency of using nutrients to produce new 

biomass may be an important competitive strategy for plants 

adapted to infertile environments. Nutrient-use efficiency has 

commonly been defined as the amount of production per unit 

nutrient used. In short-lived plants this value is simply the 

inverse of tissue concentration, but in perennial plants it is 

most appropriately defined as total net primary production 

(above-and belowground) per unit nutrient absorbed annually. 

Increased nutrient use efficiency with decreasing nutrient 

availability has been demonstrated in both single species and 

mixed communities. Nutrient use efficiency, defined as the 

ratio of biomass production to nutrient uptake, has been 

proposed as a criterion for selecting tree species for this 

purpose. This ratio describes differential abilities of tree 

species to use soil nutrients for growth. It also provides a 

basis for comparing nutrient ‘‘costs’’ of biomass production 

and the potential of plant species to grow well under 

conditions of limited soil nutrient supply. The role of nutrient 

use efficiency in sustaining productivity of short-rotation 

tropical plantations by minimizing nutrient loss from 

harvesting. The general consensus is that nutrient-efficient 

tree species reduce nutrient export at harvests because of low 

nutrient content per unit biomass. 

The clonal plantations are the one among the best option to 

meet out the ever increasing demand for paper and pulp 

wood. But there is a continuous depletion of the natural 

resources especially various nutrients from the soil due to its 

repeated rotation and fast growth in nature. Information on 

consumption of natural resources mainly water and nutrients 

for production of biomass and stem wood are not well 

documented especially in Eucalyptus clones. Clonal planting 

is one among the approach for management of water and 

nutrients compared to the other conventional strategies. The 

clonal evaluation for better nutrient use efficiency study will 

help to overcome the natural calamities and proper 

management and optimum utilization of nutrients for higher 

wood production. Therefore the present study was undertaken 

to assess nutrient use efficiency of Eucalyptus clones along 

with the commercial clones available in the market at present 

and the seed origin seedlings for comparison purpose. 

 

Materials and methods 

To carry out the nutrient use efficiency study, Eucalyptus 

clones are selected as the experimental material. This includes 

24 clones and two seed origin seedlings. Among the 24 

clones, 16 clones are shortlisted by IFGTB and these clones 

are numbered from C-7 to C-196. For comparison purpose, 8 

clones (6 ITC clones and 2 TNPL clones) and two seed origin 

seedlings (each one from Tamil Nadu Forest Plantation 

Corporation and IFGTB) are selected and named as check 

clone 1 to 10. The biomass components like leaf, branch, 

wood, root, etc. of the different clones of Eucalyptus were 

analyzed for various nutrients like nitrogen, phosphorus, 

potassium, calcium and magnesium and the nutrient content 

presents in the different biomass components along with the 

nutrient concentrations were analyzed as per the standard 

procedures viz. Nitrogen (Alkaline potassium permanganate 

method by Subbiah and Asija, 1956) [24], Phosphorus (Olsen’s 

method by Olsen et al., 1954), Potassium (Flame photometer 

by Hanway and Heidal, 1952) [7] and Calcium and Magnesium 

(Versenate method by Jackson, 1962) [11]. Observations from 

25 ramets per clone in 3 replications were recorded for all the 

nutritional parameters in the Eucalyptus clonal trials 

established in 4 locations to study the NUE. The data obtained 

on nutrient contents in various biomass components were 

used to perform correlation, regression and other statistical 

analysis using SPSS® 21.0 version and Microsoft® Excel 

2007 (Panse and Sukhatme, 1985) [19]. 

 

Nutrient content in the biomass components including the 

concentrations  

The biomass components like leaf, branch, wood, root, etc. of 

the different clones of Eucalyptus were analysed for various 

nutrients like nitrogen, phosphorus, potassium, calcium and 

magnesium and the nutrient content presents in the different 

biomass components along with the nutrient concentrations. 

 

Nutrient Use Efficiency for production of biomass  

Data collected on various nutrients uptake were analyzed 

statistically by using the software GENSTAT version 3.2.0 

and SPSS version 21. The results showed that, there is a 

significant difference among the clones and the results are 

presented. 

 

Results 

Nitrogen use efficiency 

The nutrients that most frequently limit forest growth is 

nitrogen. Nutrient availability can alter growth rate through 

changes in dry mass partitioning, specific leaf area or in the 

assimilation rate per unit leaf area. In the case of nitrogen use 

efficiency (required to produce the biomass of one kilogram), 

clone C-188 recorded the lowest level of nitrogen 

consumption (0.181, 0.179 and 0.162 g) for production of 

biomass (kg). Check clone 5 registered the highest amount of 

nitrogen consumption (0.252 g) in the 1st year, check clone 2 

recorded an amount of 0.256 g and 0.240 g in the 2nd year 

and 3rd year, with the mean of 0.209, 0.207 and 0.190 g 

during 1st, 2nd and 3rd year respectively, for production of 

biomass (kg). 

 

Phosphorus use efficiency 
Globally, phosphorus (P) limits productivity of trees in many 

forests and plantations. Many experiments with Eucalyptus 

seedlings showed that responses to nitrogen applications 

depend on phosphorus availability, and that growth can be 

reduced by nitrogen fertilization if phosphorus is limiting. In 

the case of phosphorus uptake of various clones for 

production biomass, clone C-188 registered the lowest uptake 

of 1.187, 0.938 and 0.481 mg of phosphorus for production of 

biomass (kg). On the other hand, Clone C-100 consumes 

maximum quantity of phosphorus (2.181 mg) for production 

of biomass during the first year and C-63 consumes 1.757 mg 

and C-124 consumes 1.285 mg of phosphorus with the mean 

of 1.73, 1.471 and 1.02 g, during 1st, 2nd and 3rd year 

respectively, for production of biomass. 

 

Potassium use efficiency 
The nutrient Potassium is involved in essentially all cellular 

functions. Potassium is an essential macronutrient in higher 

plants. Potassium is essential for osmotic regulation, cell 

expansion, stomatal movements and enzyme activation in 

respiration and photosynthesis. The demand for potassium can 

be substantial, especially in Eucalyptus. Clone C-188 absorbs 

less quantity of potassium (6.162, 5.687 and 5.236 mg) for 

production of biomass (kg). The clone of C-100 recorded the 

highest consumption of 10.32 mg, check clone 5 consumes 

8.44 mg and check clone 10 consumes 7.793 mg with the 

mean of 7.63, 7.12 and 6.69 mg during 1st, 2nd and 3rd year 

respectively.  

 

http://www.phytojournal.com/
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Calcium use efficiency 
Calcium is an essential for tree metabolism and various 

physiological processes related to growth. In recent years, 

special interest was therefore accorded to the effect of both 

cations on cambial activity and xylem development. Various 

studies revealed a distinct correlation between calcium 

nutrition and wood formation. Calcium, this mineral element 

appears to play an important role in the synthesis of cell walls 

particularly in the middle lamella where pectin chains are 

linked together via calcium. It is also required during cell 

division and as a second messenger for numerous responses to 

environmental and hormonal signals. Additionally, 

intracellular calcium acts as a membrane stabilizer, having 

also a protective effect against passive ion influx. In the case 

of calcium use efficiency for production of biomass, C-188 

(6.578, 5.758 and 4.866 mg) recorded the lowest required 

amount of Calcium. The clone C-100 registered the highest 

consumption of calcium during the first year (9.887 mg), C-

63 recorded highest in 2nd year (8.039 mg) and check clone 8 

recorded higher amount of calcium consumption in the third 

year (7.325 mg) with the mean of 7.98, 7.14 and 6.24 mg in 

the 1st, 2nd and 3rd year respectively, for production of 

biomass. 

 

Magnesium use efficiency 

Magnesium (Mg), apart from being a central chlorophyll 

constituent, is also involved in chlorophyll biosynthesis, 

activation and bridging of enzymes, formation and utilization 

of energy transport molecules, photo-assimilates partitioning 

and utilization and more. It has a great impact on plant growth 

and productivity. Magnesium has an active role in the action 

of some enzymes and in maintaining the integrity of plant 

ribosomes. In addition, it is a key constituent of chlorophyll. 

Clone C-188 recorded the lowest consumption of magnesium 

for the 1st, 2nd and 3rd year with the amount of 1.25, 1.499 

and 1.247 mg for production of biomass. On the other hand, 

clone C-124 recorded the highest consumption of magnesium 

level of 2.572 mg and 2.575 mg during the 1st and 3rd year 

and check clone 1 recorded higher in the 2nd year (2.808 mg) 

with the mean of 2.13, 2.37 and 2.12 mg. in 1st, 2nd and 3rd 

year respectively for production of biomass. 

 

Correlation analysis on nutrient use efficiency of different 

clones of Eucalyptus 

With reference to the presence of the various nutrient contents 

in the biomass all are negatively correlated with the 

production of total biomass in different clones of Eucalyptus. 

The presence of the leaf potassium (r = 0.839) is strongly 

correlated with the total biomass (Table-4).  

 

Discussion 

From the above study, Clones C-188, C-10, C-14, C19, C-123 

and C-186 showed high nutrient use efficiency (lower 

quantity of nutrients) for production of stem wood biomass. 

Anthony A. Kimaro et al., (2007) [1] studied the above ground 

use efficiency for N (P = 0.0035), P (P<0.0001), K 

(P<0.0001), Ca (P = 0.001), and Mg (P = 0.0081) varied 

significantly among the tree species. In general, A. 

crassicarpa was the most efficient for all nutrients except for 

N and Mg, exemplifying that this species produced the 

highest above ground biomass at lowest nutrient ‘‘costs’’.  

Its K-use efficiency was four times higher than that of G. 

sepium while P-use efficiency was three times as high as that 

of A. nilotica. Similar results were also observed for nutrient 

use efficiency based on wood production. Overall, nutrient 

use efficiency of wood was consistently higher than that of 

whole-tree biomass except for K, Ca, and Mg in A. 

polyacantha, and for P and Ca in A. nilotica. Jose Luiz Stape 

et al., (2010) studied the N-use efficiency in clonal E. grandis 

x E. urophylla and resulted that, the efficiency was observed 

by 1.6 fold (248 to 415 kg yr-1). Across all sites, ANPP did 

not correlate with supply (r2 = 0.01, P = 0.71) but did 

correlate with N uptake (r2 = 0.95, P<0.001) and marginally 

with N capture-efficiency (r2 = 0.25, P = 0.07).  

N-capture efficiency increased with water supply (r2 = 0.57, P 

= 0.03). N-use-efficiency increased with N use (r2 = 0.56, P = 

0.03). The variation in nutrient use efficiency among species 

may be attributed to several reasons related to uptake, 

transport, and utilization within plants (Marschner, 1995; 

Schroth et al., 2003) [15, 22]. For example, extensive root 

systems and abundant mycorrhizal associations are 

characteristics that increase P-use efficiency of plants 

(Schroth et al., 2003) [22]. Higher rates of nutrient 

retranslocation during either vegetative or reproductive 

growth also increase nutrient use efficiency due to better 

utilization of organically bound nutrients for growth 

(Marschner, 1995) [15].  

These mechanisms probably accounted for the observed 

species variability in nutrient use efficiency, since Australian 

Acacia species usually form mycorrhizal associations and 

have low litter nutrient concentrations (Doran et al., 1997; 

Jamaludheen and Kumar, 1999) [4, 12] that may reflect high 

nutrient re-translocation rates. Jean Paul Laclau et al., (2003) 

[14] studied the annual requirement of nutrients for biomass 

production in Eucalyptus and reported that, 64.4 kg ha-1 yr-1 

of N, 8.2 kg ha-1 yr-1 of P, 29.7 kg ha-1 yr-1 of K, 25.3 kg ha-1 

yr-1 of Ca and 24.7 kg ha-1 yr-1 of Mg required for production 

of biomass during 1st year and 117.2, 15.6, 37.3, 34.8 and 

27.3 kg ha-1 yr-1 and 235, 47, 59, 68 and 49 kg ha-1 yr-1 of N, 

P, K, Ca and Mg nutrients required for production of biomass 

in the 5th and 7th year respectively in the Eucalyptus clonal 

stands in Congo.  

Phosphorus application significantly increased tree growth, 

biomass production, N, P and K uptake, and decreased 

understorey biomass and litter dry weight. Application of 208 

kg P ha-1 was adequate for tree growth. The proportion of 

stem-wood was increased and the proportion of root biomass 

was decreased as the quantity of phosphorus applied 

increased. The application of P also increased the proportion 

of tree biomass, total biomass of tree, understorey and litter. 

The N and K use efficiencies for tree biomass and stem wood 

production increased with P supply. The P use efficiency was 

highest in the 13 kg P ha-1 treatment, and decreased at higher 

rates of P. The P recovery by tree uptake was between 7.6 and 

25.3% and decreased as the quantity of P applied increased 

(Xu et al., 2002) [25]. Most nutrient fluxes were driven by 

crown establishment the two first years after planting and 

total biomass production thereafter. These forests were 

characterized by huge nutrient requirements: 155, 10, 52, 55 

and 23 kg ha-1 of N, P, K, Ca and Mg the first year after 

planting at the Brazilian study site, respectively. High growth 

rates the first months after planting were essential to take 

advantage of the large amounts of nutrients released into the 

soil solutions by organic matter mineralization after 

harvesting. This study highlighted the predominant role of 

biological and biochemical cycles over the geochemical cycle 

of nutrients in tropical Eucalyptus plantations and indicated 

the prime importance of carefully managing organic matter in 

these soils (Jean Paul Laclau et al., 2003) [14].  

http://www.phytojournal.com/
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There are several other investigations of the impact of 

harvesting regimes on soil nutrient pools for Eucalyptus and 

other tree species (Hopmans et al., 1993; Merino et al., 2005) 
[8, 16] For instance, Merino et al., (2005) [16] reported the 

impact of different harvesting intensities in fast growing 

forest plantations in Southern Europe. They found high ratios 

between nutrients exported by harvesting and those available 

in soil stores, indicating limitations for P, Ca and Mg over the 

long term basis which is consistent with frequently observed 

deficiencies in the tropical regions. Mohan Kumar et al., 

(1998) [17] studied the rate of biomass accumulation and 

nutrient accumulation was highest for Acacia and the least for 

Leucaena. Allometric relationships linking above ground 

biomass with DBH and/or total height gave reasonable 

predictions. A comparison between species and among tissue 

types within species indicated that nutrient use efficiency for 

N, P and K varied widely. 

Accumulation of nutrients in the above-ground biomass 

varied significantly between species and ranged from 24 to 41 

g m−2 for N, 2.6 to 5.9 g m−2 for P, 0.5 to 9.2 g m−2 for Na, 12 

to 27 g m−2 for K, 7 to 52 g m−2 for Ca and 3.1 to 7.9 g 

m−2 for Mg. Nutrient accumulation was generally greater in 

species with a comparatively large crown biomass relative to 

stem size such as C. cunninghamiana and E. camadulensis. 

Average nutrient accumulation by trees as a percentage of 

input from effluent was estimated at 19% for N, 9% for P, 1% 

for Na, 14% for K, 52% for Ca and 32% for Mg (Hopemans 

et al., 1990) [9]. According to Zaia and Gama-Rodrigues 

(2004) [26], levels of N, P, K, Ca and Mg in E. grandis at 6 

years of age were 1.66, 0.09, 0.88, 0.7 and 0.25 respectively. 

For Gonçalves, et al, (1997) [6], the levels of N, P, K, Ca and 

Mg in adult plants is considered adequate when between 1.3 

and 1.8, 0.09 and 0.13, 0.9 and 1.3, 0.6 and 1.0, and 0.35 and 

0.50% respectively. The differences in nutrient use efficiency 

between species, origin, progeny and clone in the Eucalypt, 

besides being inherent to a capacity for the absorption, 

translocation and conversion of the nutrients into the biomass 

of each genotype, are products of the interaction of genotype 

with the environment. Thus, nutrient use efficiency makes it 

possible to recognize genotypes and management practices 

that may contribute to sustainability of the forests, since when 

the efficiency in the use of a nutrient and the expectations for 

biomass production are known, it becomes possible to 

estimate the amount of nutrients necessary for a proper 

nutritional balance during the following cycle.  

Studying the origins of E. grandis and E. saligna at 6.5 years 

of age, found differences in nutrient use efficiency in the 

production of trunk biomass, this also varying with the site. 

Those authors observed that use efficiency decreased in the 

following order: P>Mg>K>N>Ca, being the same tendency 

seen by. Significant differences for phosphorus use efficiency 

(PUE) between clones of E. urophylla at eight months of age 

under field conditions were seen by Godoy and Rosado 

(2011) [5]. The harvest and removal from the site of only the 

commercial parts of the plant is recommended as a way of 

reducing the export of nutrients from the system, thereby 

maintaining the quality and productivity of the soil. Thus, 

with the production of coal and pulp, and for other uses, it is 

recommended to debark the trunk and leave the bark in the 

forest, reducing the removal of nutrients especially of Ca, 

which by not being internally remobilized by the eucalypt, 

tends to concentrate in greater quantities in the bark (Arias et 

al., 2011) [2].  

This is also true for Mg and to a lesser extent for the 

remaining nutrients, which due to displaying greater mobility 

in the plant are found in greater percentages and amounts in 

other components, such as leaves and branches. In terms of 

nutrient content, the wood has the lowest associated values, 

but being the most abundant component of the tree, it is 

responsible for the largest export of nutrients from the system. 

In this respect, Santana et al. (2008) [20] found that with an 

increase in age, nutrients allocated to the canopy tend to 

reduce and nutrients allocated to the trunk tend to increase. 

 

Conclusion 
Genetic variation within and among crops for NUE is well 

recognized. There is a huge range of external factors (such as 

climate, soil, biological, management practices, etc.) that 

affects a plant’s ability to take up and utilize nutrients more 

effectively. Genotypic variability, that affects NUE and 

nutrient uptake, influences some processes and plant 

mechanisms, including differences in uptake, movement in 

root, shoot demand, and biomass production. In view of the 

above, the use of genotypes efficient in the use of nutrients is 

essential for sustainability of the forest ecosystem, reducing 

the export of nutrients in proportion to the biomass produced. 

This becomes more important depending on the use of some 

forests, such as those intended for pellet production, where 

the complete tree is harvested, including the bark and the 

canopy. Also, the recommendation of genotypes which are 

efficient in the use of nutrients for sites of poor soil fertility 

can optimize productivity in these locations, without requiring 

major applications of fertilizer. 

 
Table 1: Content of leaf Potassium and Specific leaf weight (g DM 

m−2) of different clones of Eucalyptus with reference to nutrient use 

efficiency 
 

Clone Leaf ‘K’ Leaf specific weight 

C 7 0.0098 c-d 0.256 d-e-f 

C 9 0.0073a-b 0.243 d-e 

C 10 0.0088d 0.283 e-f-g 

C 14 0.0117d 0.294 f-g 

C 19 0.0071 a 0.289 f-g 

C 63 0.0111d 0.254 d-e-f 

C 66 0.0084 a-b 0.181 c 

C 100 0.0064a 0.127 a 

C 111 0.0102d 0.257 d-e-f 

C 115 0.0077 a-b 0.136 a-b 

C 123 0.0123d 0.254 d-e-f 

C 124 0.0088c 0.126 a 

C 186 0.0081b 0.282 e-f-g 

C 187 0.0082b 0.237 d 

C 188 0.0070 a 0.301 g 

C 196 0.0081b 0.253 d-e-f 

Check 1 0.0060a 0.173 b-c 

Check 2 0.0062a 0.168 a-b-c 

Check 3 0.0064 a 0.137 a-b 

Check 4 0.0071a 0.140 a-b-c 

Check 5 0.0090a 0.155 a-b-c 

Check 6 0.0071a 0.144 a-b-c 

Check 7 0.0068a 0.157 a-b-c 

Check 8 0.0069a 0.161 a-b-c 

Check 9 0.0072a 0.148 a-b-c 

Check 10 0.0073a 0.152 a-b-c 

Mean 0.00815 0.204 

 

http://www.phytojournal.com/
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Table 2: Nutrient use efficiency of major nutrients (in g) for production of biomass (kg) in different clones of Eucalyptus 

 

Nutrient Use Efficiency 

Clone no 
First year Second year Third year 

N P K Ca Mg N P K Ca Mg N P K Ca Mg 

C 7 0.186a-b 1.759a-b-c 7.603b-c 7.708a-b 2.431d 0.186a-b 1.511a-b-c 7.138b-c 6.900a-b 2.682d 0.167a-b 1.055 a-b-c 6.691b-c 6.008a-b 2.430d 

C 9 0.22c-d 1.757a-b-c 7.917 b-c 8.601d 2.250b-c 0.224 c-d 1.516 a-b-c 7.475 b-c 7.821c-d 2.509 b-c 0.206 c-d 1.057 a-b-c 7.010b-c 6.913b-c-d 2.252 b-c 

C 10 0.211a-b-c 1.601a-b 6.506a-b 7.472a-b 1.881a-b 0.211a-b-c 1.354a-b 6.045a-b 6.664a-b 2.132a-b 0.199 a-b-c 0.920 a-b 5.739a-b 5.919 a-b 1.929a-b 

C 14 0.211a-b-c 1.663a-b 6.638a-b 7.475a-b 2.082a-b-c 0.209 a-b-c 1.417a-b-c 6.181a-b 6.673a-b 2.336a-b-c 0.191 a-b-c 0.958 a-b-c 5.721 a-b 5.768 a-b 2.080 a-b-c 

C 19 0.208a-b 1.643a-b 6.623a-b 6.802a 2.090a-b 0.206a-b 1.396a-b 6.158a-b 5.996a 2.341a-b 0.190 a-b 0.939 a-b 5.713 a-b 5.107 a-b 2.091 a-b 

C 63 0.221b-c-d 1.986b-c-d 8.554 b-c-d 8.853c-d 2.46c-d 0.221 b-c-d 1.737d 8.085d 8.039d 2.717c-d 0.20 b-c-d 1.281d 7.642b-c-d 7.151 c-d 2.468c-d 

C 66 0.200a-b 1.780 b-c-d 7.036 b 8.321 c-d 2.075a-b-c 0.201a-b 1.539 b-c-d 6.597 b-c 7.540 b-c-d 2.333 a-b-c 0.183 a-b 1.089 b-c-d 6.191b-c 6.693b-c-d 2.095 a-b-c 

C 100 0.206a-b 2.181e 10.320 d 9.887d 2.520c-d 0.216 a-b 1.493 e 7.693 d 7.172 d 2.260 c-d 0.211a-b 1.048e 7.311 d 6.338b-c-d 2.027 c-d 

C 111 0.202 a-b 1.708 a-b-c 8.186b-c-d 7.614a-b-c 1.858a-b 0.200 a-b 1.465 a-b-c 7.743d 6.828a-b-c 2.115a-b 0.182 a-b 1.006 a-b-c 7.287 d 5.928 a-b-c 1.861 a-b 

C 115 0.201 a-b 1.790 b-c-d 8.463c-d 8.443 c-d 2.175b-c 0.203 a-b 1.546 b-c-d 8.010 d 7.651 c-d 2.431 b-c 0.184 a-b 1.091 b-c-d 7.564 d 6.765 c-d 2.181 b-c 

C 123 0.202 a-b 1.419a-b 6.395a-b 6.288a 1.564a 0.202 a-b-c 1.436a-b 6.909c-d 6.659a 2.110a 0.185 a-b 0.981 a-b 6.475 b-c-d 5.778 a-b 1.862 a 

C 124 0.240 d 1.982c-d 7.878 b-c-d 8.235 c-d 2.572d 0.236d 1.721 d 7.352 b-c-d 7.374 c-d 2.798d 0.222 d 1.285 d 6.976 b-c-d 6.554 c-d 2.575 d 

C 186 0.197a-b 1.408a-b 6.175a 6.414a 1.441a 0.195a-b-c 1.168a-b 5.726a 5.636a 1.700a 0.178 a 0.712 a-b 5.284 a 4.750 a 1.450 a 

C 187 0.188a 1.386 a-b 6.544a-b 7.971a-b 1.865a-b 0.185 a-b 1.136 a-b 6.066a-b 7.144a-b-c 2.113 a-b 0.167 a-b 0.678a-b 5.61 a-b 6.243 a-b 1.858 a-b 

C 188 0.181a 1.187a 6.162a 6.178a 1.250a 0.179a 0.938a 5.687a 5.758a 1.499a 0.162 a 0.481 a 5.236 a 4.866a 1.247a 

C 196 0.209a-b 1.723 a-b-c 6.981 b 7.757 a-b 1.810a-b 0.208 a-b 
1.477 a-b-c-

d 
6.520 b 6.953 a-b 2.062a-b 0.191 a-b 1.022 a-b-c 6.081b-c-d 6.072 a-bb 1.813 a-b 

Check 1 0.214a-b-c 1.751 a-b-c 7.411 b-c 8.172 c-d 2.552d 0.208 a-b-c 1.506 a-b-c 6.958 b-c 7.375 c-d 2.808d 0.193 a-b-c 1.051 a–b-c 6.516 b-c 6.491c-d 2.559 d 

Check 2 0.261d 1.760 a-b-c 7.936 b-c-d 8.816 d 2.341c-d 0.256 d 1.519 a-b-c 7.502 b-c-d 8.044 d 2.601 c-d 0.241 d 1.061 a-b-c 7.043b-c-d 7.141 d 2.347 c-d 

Check 3 0.224c-d 1.776 a-b-c 7.563 b-c 8.043 c-d 2.232c-d 0.221 c-d 1.530 a-b-c 7.107 b-c 7.238 b-c-d 2.486 c-d 0.205 c-d 1.071a-b-c 6.651b-c 6.343 b-c-d 2.232 c-d 

Check 4 0.187a 1.694 a-b-c 8.278 c-d 8.166 c-d 2.458d 0.185 a 1.444 a-b-c 7.797 c-d 7.344 c-d 2.703 d 0.168 a 0.994 a-b 7.382d 6.482c-d 2.465d 

Check 5 0.252d 1.797 c-d 8.898 c-d 8.557 d 2.444d 0.250 c 1.552 c-d 8.442 d 7.757d 2.698 d 0.208 b-c 0.983 a-b 7.175c-d 6.162b-c 2.197 d 

Check 6 0.238c-d 1.814 d 7.886 b-c 7.945 b-c 2.261c-d 0.237 c-d 1.568d 7.432 b-c 7.146 b-c 2.515 c-d 0.219 c-d 1.110 c-d 6.975b-c-d 6.246b-c 2.261 c-d 

Check 7 0.239c-d 1.763 b-c-d 8.024 c-d 8.118 b-c 2.330c-d 0.237 c-d 1.517 b-c-d 7.567 c-d 7.320 b-c-d 2.584 c-d 0.221 c-d 1.057 b-c-d 7.100 c-d 6.411 b-c-d 2.326 c-d 

Check 8 0.235c-d 1.929 c-d 7.408 b-c 8.235 c-d 2.118b-c 0.235 c-d 1.638 c-d 6.673 b-c 7.171 b-c 2.236 b-c 0.219c-d 1.388 c-d 7.211 c-d 7.325d 2.332 b-c 

Check 9 0.215b-c 1.845 c-d 8.364 c-d 8.457 c-d 2.121b-c 0.213 b-c 1.599 c-d 7.907 c-d 7.658c-d 2.375 b-c 0.196 b-c 1.141 c-d 7.450 d 6.758 c-d 2.121 b-c 

Check 
10 

0.199a-b-c 1.755b-c-d 8.705 c-d 8.603 d 2.125b-c 0.197 a-b-c 1.510 b-c-d 8.254 d 7.802d 2.378 b-c 0.182 a-b 1.051b-c-d 7.793 d 6.901 d 2.125b-c 

Mean 0.209 1.73 7.63 7.98 2.13 0.207 1.47 7.12 7.14 2.37 0.190 1.02 6.69 6.27 2.12 

 
Table 3: Nutrient use efficiency of major nutrients (in g) for production of stem wood biomass (kg) in different clones of Eucalyptus 

 

Nutrient Use Efficiency 

Clone 
no 

First year Second year Third year 

N P K Ca Mg N P K Ca Mg N P K Ca Mg 

C 7 0.366a-b 3.451a-b-c 14.919c-d 15.125a-b 5.789d 0.365a-b 2.969a-b-c 14.021c-d 13.553a-b-c 5.268d 0.330a-b 2.075 a-b-c 13.164b-c-d 11.822a-b-c 4.054d 

C 9 0.427c-d 3.362a-b-c 15.148c-d 16.458d 5.297b-c 0.428c-d 2.901a-b-c 14.303c-d 14.965b-c-d 4.800 b-c-c 0.397c-d 2.029a-b-c 13.462c-d 13.277b-c-d 3.917 b-c 

C 10 0.399a-b-c 3.024a-b 12.284a-b 14.109a-b 4.532a-b-c 0.401b-c-d 2.570a-b 11.46a-b 12.644a-b 4.046a-b 0.368 a-b-c 1.703 a-b-c 10.618a-b 10.951 a-b-c 3.495a-b 

C 14 0.407a-b-c 3.212a-b-c 12.822a-b 14.439a-b 5.025a-b-c 0.40b-c-d 2.743a-b-c 11.961a-b 12.913a-b 4.520b-c 0.372a-b-c 1.857 a-b-c 11.090 a-b 11.182 a-b-c 3.412 a-b-c 

C 19 0.395a-b 3.128a-b-c 12.607a-b 12.949a 4.967a-b 0.392a-b-c 2.656a-b 11.717a-b 11.408a 4.455a-b-c 0.363 a-b 1.790 a-b-c 10.889 a-b 9.734 a-b 2.836 a-b 

C 63 0.427b-c-d 3.834d 16.511d 17.089c-d 5.766c-d 0.428c-d 3.368d 15.676d 15.587d 5.268c-d 0.394 b-c-d 2.484d 14.820d 13.868c-d 4.022c-d 

C 66 0.390 a-b 3.462c-d 13.687 b-c 16.187c-d 5.042a-b-c 0.389a-b-c 2.988b-c-d 12.811 b-c 14.643b-c-d 4.531 b-c 0.356 a-b 2.106b-c-d 11.971b-c 12.943b-c-d 4.051b- c-d 

C 100 0.453a-b 2.825e 13.368b-c 12.806a 4.106a-b 0.469d 2.930e 15.096b-c 14.074 a 4.434 b-c 0.430d 2.028e 14.142 c-d 12.259a-b-c 3.922 c-d 

C 111 0.434a-b 3.668c-d 17.582d 16.354a-b-c 5.104a-b 0.428c-d 3.135c-d 16.568d 14.609a-b-c 4.526a-b 0.390 a-b 2.157a-b-c 15.618d 12.707 a-b-c 3.990 a-b 

C 115 0.387 a-b 3.438c-d 16.253c-d 16.215c-d 5.171b-c 0.391a-b-c 2.981b-c-d 15.441c-d 14.748c-d 4.685 b-c 0.356 a-b 2.104b-c-d 14.592d 13.051 c-d 4.095 b-c-d 

C 123 0.389a-b 2.732a-b 12.315a-b-c 12.109a 3.851a 
0.389 a-b-

c 
2.77b-c-d 13.339b-c-d 12.858a-b 4.075a-b 0.359 a-b 1.894 a-b-c 12.501b-c-d 11.155 a-b 3.595 a 

C 124 0.464 d 3.830d 15.221 b-c-d 15.911c-d 5.969d 0.464d 3.384 d 14.459 b-c-d 14.503c-d 5.504d 0.432 d 2.490d 13.554b-c-d 12.734d 3.868 c-d 

C 186 0.384a-b 2.740a-b 11.985a 12.475a 3.810a 0.378a-b 2.261a-b 11.085a 11.911a 3.291a 0.345a-b 1.377 a-b 10.225 a 9.926 a 2.806 a 

C 187 0.362a 2.674 a-b 12.628a-b-c 15.381b-c 4.604a-b-c 0.358a 2.203a-b 11.764a-b-c 13.853a-b-c 4.097 a-b 0.324 a-b 1.311a-b 10.852 a-b-c 12.077 c-d 3.595 a-b 

C 188 0.352a 2.300a 11.945a 12.751a 3.429a 0.349a 1.828a 11.084a 11.223a 2.921a 0.316 a 0.937 a 10.198 a 9.476a 2.428a 

C 196 0.404a-b 3.332 b-c 13.495b-c 14.995a-b 4.501a-b-c 0.403b-c-d 
2.866a-b-c-

d 
12.655b-c 13.494a-b 4.002a-b-c 0.371a-b 1.977a-b-c 11.761b-c-d 11.744a-b-c 3.304 a-b-c 

Check 1 0.420 a-b-c 3.430b-c 14.514b-c-d 16.004c-d 6.013d 0.405a-b-c 2.938 a-b-c 13.571b-c-d 14.383 c-d 5.477d 0.379 a-b-c 2.059a–b-c 12.767b-c 12.718c-d 4.461 d 

Check 2 0.397a-b-c 3.458c-d 15.589c-d 17.318d 5.617d 0.384a-b 2.950a-b-c 14.566b-c-d 15.619d 5.051 c-d 0.376b-c 2.073a-b-c 13.770b-c-d 13.961 d 4.589 c-d 

Check 3 0.438c-d 3.473c-d 14.792b-c-d 15.732b-c 5.381c-d 0.430c-d 2.975a-b-c 13.820b-c-d 14.076b-c-d 4.835 c-d 0.402 c-d 2.096a-b-c 13.014b-c 12.411b-c-d 4.367 d 

Check 4 0.360a 3.256a-b-c 15.912c-d 15.697b-c 5.721d 0.357a 2.786a-b-c 15.037 c-d 14.164 c-d 5.212 d 0.326 a 1.918a-b 14.247c-d 12.509c-d 4.757d 

Check 5 0.491d 3.495 c-d 17.305 d 16.640d 5.763d 0.486 d 3.015c-d 16.405d 15.073d 5.242 d 0.452 d 2.130b-c-d 15.551d 13.356c-d 4.445 d 

Check 6 0.458 c-d 3.499 c-d 15.213 b-c-d 15.328b-c 5.364d 0.458c-d 3.031d 14.365 b-c-c 13.812b-c 4.861 c-d 0.426d 2.149b-c-d 13.508b-c-d 12.0956b-c 4.378 d 

Check 7 0.465c-d 3.423c-d 15.585c-d 15.767b-c 5.534d 0.459 c-d 2.940 b-c-d 14.664c-d 14.185b-c-d 5.007 c-d 0.431 d 2.061b-c-d 13.845b-c-d 12.502b-c-d 4.536 d 

Check 8 0.460 c-d 3.778d 14.510 b-c 16.129 c-d 5.070b-c-d 0.462d 3.221d 13.118b-c 14.097 b-c 4.396 b-c 0.433d 2.735d 14.208c-d 14.433d 4.595d 

Check 9 0.421b-c 3.611c-d 16.372c-d 16.553c-d 5.169c-d 0.418b-c 3.135 d 15.502c-d 15.012d 4.656 b-c 0.437 d 2.538d 16.576d 15.035d 4.719 d 

Check 
10 

0.391a-b-c 3.440b-c-d 17.059d 16.858d 5.182c-d 0.385a-b-c 2.947 b-c-d 16.110d 15.228d 4.642 b-c 0.357a-b 2.062b-c-d 15.287 d 13.538i d 4.169c-d 

Mean 0.402 3.303 14.601 15.284 5.068 0.404 2.865 13.870 13.909 4.608 0.374 2.005 13.163 12.336 3.939 
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Table 4: Correlation coefficients of nutrient use efficiency among different clones of Eucalyptus. 

 

 

Biomas

s N 

Biomas

s P 

Biomas

s K 

Biomass 

Ca 

Biomass 

mg 

Stem 

wood N 

Stem 

wood P 

Stem 

wood K 

Stem 

wood Ca 

Stem wood 

Mg 

Leaf 

'K' 

Sp. leaf 

wt. 
Yield 

Total 

Biomass 

B-N 1 
             

B-P 0.540** 1.000 
            

B-K 0.288 0.724** 1.000 
           

B-Ca 0.222 0.768** 0.767** 1.000 
          

B-mg 0.331 0.790** 0.642** 0.717** 1.000 
         

S-N 0.931** 0.537** 0.413* 0.247 0.302 1.000 
        

S-P 0.524** 0.974** 0.767** 0.751** 0.747** 0.600** 1.000 
       

S-K 0.259 0.641** 0.951** 0.669** 0.533** 0.478* 0.751** 1.000 
      

S-Ca 0.220 0.733** 0.819** 0.932** 0.644** 0.370 0.799** 0.830** 1.000 
     

S-Mg 0.238 0.680** 0.794** 0.802** 0.762** 0.351 0.727** 0.780** 0.851** 1.000 
    

Leaf 'K' -0.495* 
-

0.546** 

-

0.648** 
-0.653** -0.496* -0.548** -0.570** -0.612** -0.670** -0.676** 1.000 

   

Sp. leaf 

wt. 
-0.351 

-

0.551** 

-

0.702** 
-0.643** -0.580** -0.420* -0.572** -0.653** -0.658** -0.786** 

0.849

** 
1.000 

  

Yield -0.304 
-

0.551** 

-

0.726** 
-0.663** -0.619** -0.395* -0.586** -0.693** -0.696** -0.791** 

0.820

** 
0.931** 1.000 

 

Total 

Biomass 
-0.326 

-

0.552** 

-

0.702** 
-0.670** -0.636** -0.392* -0.571** -0.651** -0.679** -0.781** 

0.839

** 
0.942** 

0.993

** 
1 

* Significant at 0.05% level 

** Significant at 0.01% level 
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