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Koa Introduction

| Acacia koa (Gray) is an endemic
. 2 species and a co-dominant
M canopy tree with Ohia

{ (Metrosideros polymorphia).

iyfse | egume, shade intolerant,
- =4 regenerates in large dense
o thickets.

Tropical hardwood that acts as
pioneer species and remains a
dominant canopy species through
| to forest climax




Koa Introduction

Historically found in many forest

2 environments from near sea level
§ to 2,300 m, with annual rainfall

| ranging from 850 to 5,000 mm

Now covers 10% of its original
range mostly between 610 m and
2,000 m

Almost all remaining koa forest
found In conservation areas

Remnant trees and patches exist
on cattle ranch land
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Koa regeneration
— responses well to large disturbances




Typical secondary koa forest

a S s
" - oy
Sy iy

S ) S, o et
; - 4 -

B
e e ) * # -
=

L s -

.J.
1]
= %
ok
* -n
‘l...._.

i : ’---;-ﬁ

s R
e

L] 1_|.|| o]

et L




Nutrients

Space

Primary limitations to
tree growth



County of Hawaii
LSB Classification

I =
C
D
E
Major Roads

12°C MAT
1,700 m a.s.l. |
29 yrs, 955 trees/ha * :

(1] 3 10 20 Miles
L L 1 I 1 L 1 1 |

Map from Hawaii Biodiversity and Mapping Program-and the State of Hawaii




Keauhou Ranch Study Site | 4‘

Study established in 2001 in then 23 yr koa
Split plot design

Main treatment: Thinning

*60 m x 60 m

Thin (T, n=4) or un-thin (NT, n=4) koa
trees

Plot 10 bearing
312 degrees

Sub treatments: Forest Floor S
25 mx25m
«Control
eGrass competition control (CC or H):
Removal of grass species within
2 m radius of crop tree
*CC + Phosphorus fertiliser (CC+P):
a total of 750 kg P ha! over 2.5 yrs




Annual stem diameter growth of koa crop trees between
2002 and 2005

14
., Un-thinned trts (NT) Thinned trts (T)
.; _
E/ 1.0 | V——————— e T -
c 08 ] G __ \\\\
pa—
5 06 -
O
E 0.4 - o— NTC l--- TC
®) 0.2 - —v— NT CC I|-=+- TCC
O NT CC+P TCC+P
OO T T T T T T
'02-'03 '03-'04 '04-'05 '02-'03 '03-'04 '04-'05
Dbh = diameter at breast height Where:
NT = Unthinned C = Control
T = Thinned CC = Grass Control

CC+P = CC + P fert.

From Scowcroft et al. 2007. Forest Ecology and Management 239: 69-80




Nutrients

Primary limitations to
tree growth
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Potential P sorption of Hawali solls

Categories of P sorption by mineralogy as measured by P
sorption isotherms

PS,, (mg kg soil) Scale Typical Mineralogy

<10 very low guartz, organic minerals

10-100 low 2:1 clays, quartz, 1:1 clays
100-500 medium 1:1 clays with oxides

500-1000 high oxides, moderately weathered ash
>1000 very high desilicated amorphous materials

From Juo and Fox 1977

Sorption Isotherms of Selected Hawalii Andisols

Cultivated Kaiwiki Series (Acrudoxic hydrudand) 5,673 mg kg1
Uncultivated Kaiwiki Series 2,138 mg kg
Maile Series (Acrudoxic hydrudand) 1,134 mg kg™

From Jackman 1994



Resin membrane P (ng P 10cm-2 per period)

100 - . :
All Treatments Dy Soll Labile P
e —v— ¢¢__ ||[measured with PRS™
60 - resin membranes at 5
ag cm depth - March
2004 and Sept 2006
20 A
0 1 oo o 9 o o 9 o S O o9 No significant
difference
between thinned and
g | unthinned plots
Less CC+P trt
6 - Where:
LF = Laupahoehoe
Forest (naturally
4 A fertile site)
C = Control
CC = Grass Control
2 A CC+P = CC + P fert.
Mar- Jul- Nov04- Mar- Jul- Dec05- Jun-
May04 Sep04 Jan05 May05 Oct05 Mar06 Sep'06
I | I | LF: n=4
60 day burial period 90 day burial period C, CC, CC+P:n=8

In situ incubation period



Resin membrane P (ug P 10cm-2 per period)

100

80

60

40

20

All Treatments —e— LF

—e— C
—w— CC

CC+P

o——o—o—o—o—o——o——o—ﬁ:ﬁ:f—/—%

Less CC+P trt

V%{M\‘/

Mar- Jul- Nov04- Mar- Jul- Dec05- Jun-
May04 Sep04 Jan05 May05 Oct05 Mar06 Sep'06
|

60 day burial period 9|O day burialperiold
In situ incubation period

Soil Labile P
measured with PRS™
resin membranes at
15 cm depth - March
2004 and Sept 2006

No significant
difference

between thinned and
unthinned plots

Where:

LF = Laupahoehoe
Forest (naturally
fertile site)

C = Control

CC = Grass Control
CC+P =CC + P fert.

LF: n=4
C, CC, CC+P: n=8



Resin membrane P (ng P 10cm-2 per period)

100

80

60

40

20

60

40

20

—— LF
5cm M=

—w— CC
CC+P

f
a

15 cm

Last P application

q—_.—.—.—.—H_.—m:::ﬁ%

M ar- Jul- Nov04- Mar- Jul- Dec05- Jun-
May04 Sep04 Jan05 May05 Oct05 Mar06 Sep'06
|

| | |
(I |

60 day burial period 98day burialperiold
In situ incubation period

Soll Labile P
measured with PRS™
resin membranes —
comparison between
both depths

No significant
difference

between thinned and
unthinned plots

Where:

LF = Laupahoehoe
Forest (naturally
fertile site)

C = Control

CC = Grass Control
CC+P =CC + P fert.

LF: n=4
C, CC, CC+P: n=8



Litterfall

nutrient pool

Available
nutrient pools



Litterfall biomass and nutrient cycling




T Koa Litterfall

mm 2004
e 2005
Emmmm 2006

T Other Species

- Litterfall

—— 2004
rzz2a 2005
e 2006

%% RS SRR SRR
0% RS
e e e e a o ta et
RS

BRI

Annual Litterfall rates from 2004 to 2006

NT Koa Litterfall

NT Other Species

Litterfall

R R TIRXEEIKRXXXLS
BOIRRAERNRKK,
DR ANARRRNANRNY
DRI23052505250505200525850525055¢1
ENAAAHANANAXRANANANANKS

BRXREXRRRRHXXXIXXXRXY

RIS,

BRI,

6000 H
4000 -

2000 H
0
6000 -

1-IA ey BY)) [reponi

4000 -
2000 -

n=

CC+P

cC
CC + P fert.

CC+P

Grass Control

CcC

= Control

C=

= Thinned

T

inned

= Unth

Where
NT



Annual Litterfall rates from 2004 to 2006

T Koa Litterfall

lled

inning cance

ffect — th
any FF effect

inning e

No th

mm 2004
e 2005
Emmmm 2006

T Other Species

- Litterfall

NT Koa Litterfall

—— 2004
rzz2a 2005
e 2006

K>
BN

RS

5%

QR

X
e
e e e ro et

ety

RS

FF effect

BRI

NT Other Species

Litterfall

R R TIRXEEIKRXXXLS
BOIRRAERNRKK,
DR ANARRRNANRNY
DRI23052505250505200525850525055¢1
PR
BRXREXRRRRHXXXIXXXRXY

RIS,

BRI,

6000 H

4000 -

2000 H
6000 -

1-IA ey BY)) [reponi

4000 -

2000 -

CC+P

CC

CC+P

CC

Where

=

= CC + P fert.

CC+P

Grass Control

CC=

Control

C=

T = Thinned

Unthinned

N



Annual Litterfall rates from 2004 to 2006

Litterfall (kg ha't yrt)

NT Koa Litterfall T Koa Litterfall
6000 - -
EE effect L No thinning effect — thinning cancelled
any FF effect
4000 - - - >
T
2000 H -
NT Other Species —— 2004 | T Other Species mm 2004
6000 q Litterfall rzz3 2005 | Litterfall 2005
ez 2006 mmmmm 2006
Poss. FF trt effect No thinning effect
4000 - 2004 only _ — - >
-
- - -
2000 - -
0 : Z 1R
CC CC+P C cC CC+P
Where:

NT = Unthinned T =Thinned C =Control CC=Grass Control CC+P =CC + P fert. n=4




Litterfall (LF) phosphorus (P) concentration
and P content for 2006

Koa LF Other spp. LF Total LF
P Conc. P Content P Conc. P Content P Content
(g kgt (kg ha't) (g kgt (kg ha-1) (kg ha't)
NT C 0.54 1.68 0.80 1.32 2.22
NT CC 0.35 1.75 0.86 1.45 3.20
NT CC+P 0.70 4.55 1.21 2.36 6.91
T C 0.46 1.25 1.09 2.79 4.04
T CC 0.56 1.77 0.92 2.01 3.78
T CC+P 0.70 2.61 1.38 3.47 6.08
Where:
NT = Unthinned trt C = Control

T = Thinned trt

CC = Grass Control
CC+P = CC + P fertiliser =



Litterfall (LF) phosphorus (P) concentration
and P content for 2006

Koa LF Other spp. LF Total LF
P Conc. P Content P Conc. P Content P Content
(g kgt (kg ha't) (g kgt (kg ha-1) (kg ha't)
NT C 0.54 1.68 0.80 1.32 2.22
NT CC 0.35 1.75 0.86 1.45 3.20
NT CC+P 0.70 4.55 1.21 2.36 6.91
T C 0.46 1.25 1.09 2.79 4.04
T CC 0.56 1.77 0.92 2.01 3.78
T CC+P 0.70 2.61 1.38 3.47 6.08
Where:
NT = Unthinned trt C = Control

T = Thinned trt

CC = Grass Control
CC+P = CC + P fertiliser =



Litterfall (LF) phosphorus (P) concentration
and P content for 2006

Koa LF Other spp. LF Total LF
P Conc. P Content P Conc. P Content P Content
(g kg™) (kg ha't) (g kgt) (kg ha-1) (kg ha't)
NT C 0.54 1.68 0.80 1.32 2.22
NT CC 0.35 1.75 0.86 1.45 3.20
NT CC+P 0.70 4.55 1.21 2.36 6.91
T C 0.46 1.25 1.09 2.79 4.04
T CcC 0.56 1.77 0.92 2.01 3.78
T CC+P 0.70 2.61 1.38 3.47 6.08
Where:
NT = Unthinned trt C = Control
T = Thinned trt CC = Grass Control
CC+P = CC + P fertiliser n=4



Litterfall (LF) phosphorus (P) concentration
and P content for 2004

Koa LF Other spp. LF Total LF
P Conc. P Content P Conc. P Content P Content
(g kgt (kg ha't) (g kgt (kg ha-1) (kg ha't)
NT C 0.54 1.68 0.80 1.91 3.59
NT CC 0.35 1.81 0.86 2.67 4.48
NT CC+P 0.70 3.87 1.21 4.46 8.33
T C 0.46 1.39 1.09 3.87 5.26
T CC 0.56 1.58 0.92 3.01 4.59
T CC+P 0.70 2.10 1.38 4.65 6.75
Where:
NT = Unthinned trt C = Control

T = Thinned trt

CC = Grass Control
CC+P = CC + P fertiliser =



Leaf litter decomposition




Decomposition rates of koa phyllode litterfall in 2007 by trt

100 1~ e C
—~ —v— CC
> | CC+P
= 90 A
= \
=
£ 80 -
®©
&
= 7o) - 1. CC+P trt decomp. at day 327 was
9) faster by 7.9%
S 2. Non fert trts similar rate of decomp.
S 60 f

50 | | | | | | |
0) 50 100 150 200 250 300 350

Where: i i
Jnee Days in field
CC = Grass Control No significant difference
CC+P = CC + P fertiliser between thinned and

unthinned plots



Litterfall

Available
nutrient pools



Sequential soil phosphorus extraction -
The Hedley Fractionation
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Phosphorus (P) cycle

Plant Uptake

P in

Pin
primary (1°)
minerals

PN U

Litterfall

P in soil «——| Plant available P |le&e——>
biota

- J

Readily
exchangeable
F)

Leaching



Hedley Fractionation — sequential extraction of phosphorus
(P) from various soll pools by adding stronger and stronger
reagents

The stronger the reagent = the less available P is for plant uptake

Start: add [/ A _

Deionised |Resin extractable | aqq 05Mm " Bicarbonate |

water P = plant NaHCO, extractable P =
evallable P pools \ P pools )

Add 0.1M
NaOH
End: Add 1M
Residual P Hydrochloric acid HCI Hydroxide

@ extractable P = h extractable P =



Hedley fractionation of phosphorus pools at 5 cm soil depth — NT and T trts
combined (no thinning effect)

Extracted P (ug P g* oven dried soil)

300

200

100

£10]0)

200

100

March 2005

March 2006

LF: n=4
C, CC, CC+P: n=8

Where:

Pi = Inorganic P

Po = Organic P

LF = Laupahoehoe Forest (naturally
fertile site)

C = Control

CC = Grass Control

CC+P = CC + P fert.

——= HCI Pi

——— Hydroxide Po
mmmmm Hydroxide Pi
——— Bicarbonate Po

mmssm Bicarbonate Pi
— Resin Pi

LF

CC

CC+P



100 -

80 1

60 f

40 -

20 1

100 -

80 1

60 |

40 1

Extracted P (% of sum of all measured pools)
(@)

20 +

P content per fraction as % of total P extracted

March 2005 — 5¢cm

March 2006 — 5cm

LF: n=4
C, CC, CC+P: n=8

Where:

Pi = Inorganic P

Po = Organic P

LF = Laupahoehoe Forest
(naturally fertile site)

C = Control

CC = Grass Control
CC+P = CC + P fert.

=== HCI| Pi

——— Hydroxide Po
mmmm Hydroxide Pi
— Bicarbonate Po
=== Bjcarbonate Pi
—— Resin Pi

LF C

CC

CC+P




Litterfall

Soil Slowly

Available/unavailable Available
nutrient pools nutrient pools




Summary

Does phosphorus (P) fertilisation elevate
soil P availability in the short term or the

long term?

> Yes, elevated for at least the medium term

» Two years after last P application, P availability 40 and
20 times greater at 5 cm and 15 cm depth, respectively

» Despite the very high P sorption capabilities of young
volcanic soils, elevated P availability remains 4 years after

the last P application



Summary

Does the treatments alter phosphorus (P)
cycling through the leaf litter?

» Yes, CC+ P fertilisation tripled and almost doubled annual
litterfall P content for the Unthinned and Thinned plots,

respectively

» 8% Iincrease In koa litterfall decomposition for CC + P
fertilisation treatment after 327 days



Summary

If soil P availability remains high, what are the
primary sources of this extra phosphorus (P)?

» Despite the extra P in the litterfall, this pool could not

account for the elevated P levels by a factor of 30 for CC+P
fertiliser treatment

» Almost all Hedley P pool fractions was greater for the
fertilised treatment

» Largest change was from the NaOH Inorganic P pool - the
most likely candidate for the extra soil available P
»Indications of P being reversibly sorbed from this pool

» Actual mechanism is currently being investigated
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