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Introduction

-Understanding and assessing net productivity and radiation use efficiency is 

key for 2nd generation (advanced) biofuel systems that can use the entire 

plant as opposed to a single component.

-Irrigation-dependent, Hawaiian commercial sugarcane (Saccharum 

officinarum L.) has been recognized as one of the most productive 

agronomic systems [Evensen et al., 1997], and is being actively explored for 

biofuel production.  Currently uses a longer (18-24 month) cropping cycle.

-Most productivity studies were done at plot scale with periodic sampling.  

Need to understand controls on field productivity at daily time scales.

-Eddy Covariance (EC) allows real-time assessment of field productivity with 

minimal interference.  Can combine with ancillary data to assess 

meteorological, cultivar, and management practices on productivity and 

radiation use efficiency (RUE), potentially allowing for  optimization of 

productivity.
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Conclusions and future work

-High shoot/root ratio (>15:1) and carbon content of biomass (~50%) further 

enhance cellulosic biofuel value of Hawaiian sugarcane.

-Unclear why EC NEP continues high growth in 2nd year.  Biomass sampling at 

time of EC tower removal showed biomass accumulation at least as high as 

that measured by tower.  Respiration may have been suppressed by extremely 

low (~25% of normal) precipitation at sites and surface/subsurface drip 

irrigation may  reduce degradation of cane trash and stalk.

-Further work is needed to confirm sustained high productivity of Hawaiian 

cane in 2nd year of growth.  If confirmed, this could increase the greenhouse 

gas reduction of Hawaiian cane by increased overall productivity and reduced 

emissions from farming operations.

Figure 1:  (a)  MODIS true color image of the 

Hawaiian islands.  Study area inset in red box.  (b)  

Landsat 8 false color  image (bands 6, 5, and 4 

corresponding to red, green, and blue) showing EC 

and weather station (WS) in relation to the sugar 

plantation.

Results

Figure 2 (left): 30 minute 

Net Ecosystem 

Productivity (NEP) for the 

EC observation periods for 

both fields.  Negative NEP 

indicates net respiration 

from field, while positive 

NEP shows net 

photosynthesis .  Mean 

NEP is 8.14±0.21 and 

8.66±0.22 μmol C m-2 s-1 in 

Windy and Lee, 

respectively over the entire, 

separate EC observation 

periods.   a) Windy field.  

b) Lee field.

Study Region and Data Figure 3 (below):  

Cumulative Gross Primary 

Productivity (GPP)  and  

Respiration (Re) at Lee and 

Windy fields.  GPP and Re 

determined from NEP 

following flux partitioning 

algorithm of Reichstein et 

al. [2005].

Figure 4:  Mean daily relative Radiation Use Efficiency (RUE) for Windy and Lee fields.  Shoot 

fraction biomass is calculated using a shoot/total biomass fraction of 0.933 in Windy and 0.959 in 

Lee and a carbon/biomass ratio of 0.500 and 0.489 in Windy and Lee, respectively.

Table 1 (below):  Site information about the  EC 

and weather station (WS) towers in this study as 

well as field soil texture, planting date, and EC 

observational period.
- Peak Net Ecosystem Productivity was ~75 μmol m-2 s-1, which is similar to 

other high-productivity C4 agroecosystems.

-Unlike previous studies in Hawaiian sugarcane (e.g. Evensen et al. [1997]), 

there is no large scale decrease in NEP or GPP in the 2nd year of growth.

-NEP remains positive until tower removal prior to harvest (significant carbon 

uptake) despite sugarcane drydown and application of ripening agent.

-Harvest in Lee moved up due to irrigation issues.

-Water use efficiency (WUE) is similar, but perhaps slightly lower, than peak 

sugarcane WUE as reported in Sinclair and Muchow [1999].

-No significant difference in relative WUE between Windy and Lee fields 

(p=0.63).  Difference in daily NEP (p<0.015) likely due to higher Rs at Windy 

than Lee (p<0.001).

-The Lee field showed linearly increasing cumulative GPP and Re while Windy 

field showed more sigmoidal pattern.  EC tower captured negative NEP early 

in cycle due to soil respiration from previous crop.

Windy-EC Windy-WS Lee-EC Lee-WS

Latitude (°N) 20.824633 20.813333 20.784664 20.795361

Longitude (°W) 156.491278 156.496694 156.403869 156.406444

Elevation (m) 44 24 203 142

Field Planting date EC installed EC removed Soil Texture

Windy May 11, 2011 July 23, 2011 April 19, 2013 Sandy clay loam

Lee March 28, 2011 July 21, 2011 November 7, 2012 Clay

-We established two EC towers 

in contrasting low and high 

elevation sugarcane fields at a 

commercial plantation in Maui, 

Hawaii [Anderson and Wang, in 

revision; Anderson et al., 

submitted] (Fig. 1; Table 1).  

Fields were identical cultivars 

(H65-7052) and planted 45 days 

apart.

Net Ecosystem Productivity 

(NEP) fluxes gap-filled and 

partitioned into Gross Primary 

Productivity and Respiration 

following Reichstein et al. [2005].

-Incoming solar radiation data 

from plantation’s weather 

stations.

-Periodic (6-month) plant and 

soil C and final root and shoot 

biomass from destructive 

sampling and analysis (Tirado-

Corbalá et al., 2012; in prep).

-Satellite Vegetation data from 

MODIS  to calculate fraction of 

solar radiation intercepted by 

canopy using Wide Dynamic 

Range Vegetation Index 

[Gitelson et al., 2007].

-Observed existing farm practice 

designed to maximize sugar 

production.


