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Takami Saito,* ! Mayumi Y. Ogasa,' Hiroyuki Tobita,' Kenichi Yazaki,' Daisuke Kabeya,' Michio Oguro,? Hajime Utsugi' (2019)
Estimating Physical Properties of the Root Ball in Containerized Japanese Cedar (Sugi) Seedlings. J Jpn For Soc 101: 145-154
To improve the shipping operation of multi-cavity container seedlings, it is necessary to select seedlings with appropriate root balls. The aim
of this study was to develop indices and measurement methods evaluating the physical properties of the root ball, and to clarify the effects of
the cavity type of container on the indices and the relationship between the indices and the above-ground morphological characteristics of
seedlings. Seedlings of Japanese cedar (Cryptomeria japonica D. Don) cultivated in rib and slit types of multi-cavity containers were used
for measurements before (June) and after (November) the second growing season of the seedlings. Root ball hardness (hardness index
obtained by a Yamanaka-type soil hardness scale), root ball collapsibility (detached soil amount after dropping of a root ball), and difficulty
of extracting a root ball (pull-out force of extracting a root ball from a cavity) were measured. Height, root-collar diameter and root biomass
of the seedlings were also measured. As root biomass increased, the detached soil decreased whereas the hardness index and the pull-out
force increased. These results suggest that the indices are easily understandable owing to simple measurements and have close relationships
with root growth. In addition, the root balls of the seedlings in slit-type containers are easier to collapse, and easier to extract from the
containers than those of the seedlings with the same root biomass in rib-type containers. Moreover, the physical properties of the root ball

have closer relationships with root-collar diameter, than with the height, of the seedlings.
Key words: shipping operation, root biomass, Yamanaka-type soil hardness scale, detached soil, pull-out force
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Schematic diagram of cavities in two types of container.

Rib type containers have eight ribs on inner surface of each cavity. These ribs run
from (a) an aperture to (b) a bottom of a cavity. Slit type containers have four
upper slits (c: 37 mm in length) and four lower slits (d: 30 mm) on a lateral side of
each cavity.
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Characteristics of the sample seedlings.

Container type

Variables Unit

Rib Slit
Number of individuals 33 (17) 30 (15)
Root-collar diameter (mm) 5.22+1.65 5.36+1.72
Height (cm) 53.2+174 56.4=18.9
Root biomass (g) 3.66+2.74 372283
Height:diameter ratio (em mm~1) 104=18 106 =20

Number in parentheses indicates the number of individuals which were irrigated
two times every day. Number with = operator indicates mean = standard deviation.
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Photos of the measurements

(a) MekDT| & &I DWE, (b) FEFMEDNE, (o) B¥E R oMz
(a) pull-out force measurement, two ends of a looped string (arrows) were fastened
to the rubber tape on the stem; (b) hardness index measurement, the cone (arrow)
of Yamanaka-type soil hardness scale was pushed to a root ball until the brim of the
scale attached to a root ball; (c) detached soil measurement, a seedling with a root
ball (circle) was dropped from 1 m in height.
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The relationship between root-collar diameter
and height of the sample seedlings.

Lines in gray indicate certain values of height:diameter
ratios indicated by the numbers beside the line.
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-4 (a) HEERE, 2k ) WEERONA F <R L OBER
The relationship between (a) root-collar diameter or (b) height and root biomass
of the sample seedlings.

£-2. BONALFRA%HED L FUT 2 —RAEREE T VO B L OREOHEEM
Parameters of models with the best predictive ability for the physical properties of root balls estimated by GLM.

Response Unit Intercept log (Diameter) log (Height) Distribution Link AIC
. —3.48 *xk 2.75 #*x — 141.3
Root biomass (&) 657w _ 1,95 # Gamma log 2484

“Intercept” indicates an intercept of the equation for both types of containers. “log (Diameter)” and “log (Height)” indicates a natural logarithm of diameter and that of
height, respectively. “—" indicates a parameter which was not used in GLM. ***indicate statistical significance at P < 0.001 level.
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THEWENIKRELS ot T2, IV FFHIZEDR)
BOEHY, BONL I ANFELWE EFI&FEEHRY T
B LTAY v VEICH6% LRl S iz, BIZIE, R

25

20

Hardness index (mm)

60
]

Detached soil (g)

Pull-out force (kgf)

Root biomass (g)

B-5. MONA AR E (a) $IREE, (b) BiELER, (o) 5l
k& 0BR

The relationship between root biomass and (a) hardness index, (b)
detached soil or (¢) pull-out force of the sample seedlings.

DA FTAN6gnE &, FIEHENITY 7RTL08
kef, AV v MIT60kef & FHSINAe 72720, AU Y

FRIDBIEFEZEL0EPKREL, YTHLARED
D H o720

4. W EEROREE & RSO YHENIME & OBEFR
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BlziE, EEF3mmD & %, BRELERIZ) 78T
132g, AY v MEIT2604g L TFHS NI,
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TR EIRENz, F2, METFNTa V7 FEMPFHE
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i, BEEELEFTVLD AICIH/NE ol (R4) &
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BrHY, MEEESSELVWE SFIEREHIZ) TRIH
LTARYy vHRICT49% 725720 BIZE, EEH7mm D
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EFRE T,

-3 REOYHMWMELZED L PHUT 5 —RIREEF VO L REOHEEME
Parameters of models with the best predictive ability for the physical properties of root balls estimated by GLM.

Response Unit Intercept Root log (Root) TypeSlit Distribution Link
Hardness index (mm) 0.54 ns. 241 *#* — NA gaussian identity
Detached soil (2) 1.73 #x* - —1.38 #** 0.53 *

Gamma log
Pull-out force (kgf) 0.53 #** — 1.03 #** —(0.58 ***

“Intercept” indicates an intercept of the equation for both types of containers. “log (Root)” indicates a natural logarithm of root biomass. “TypeSlit” indicates a difference of
response variables from Rib type container to Slit type container. “—" and “NA” indicate parameters which were not used in GLM and omitted by the model selection
procedure, respectively. *and *** indicate statistical significances at P<0.05 and £<0.001 level, respectively. n.s. indicates no-significance at P > 0.05 level.
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(b) o )

Hardness index (mm)

Root-collar diameter (mm) Height (cm)

H-6. (a) HEEERE, 5k (b) HEELHEREL O
The relationship between (a) root-collar diameter or (b) height and hardness index
obtained by Yamanaka-type soil hardness scale.

80

Detached soil (g)

Root-collar diameter (mm) Height (cm)

M-7. (a) HBFERE, H5WE (b) HEEHETEREE OBRK
The relationship between (a) root-collar diameter or (b) height and detached soil
from the root balls after dropping of the seedlings from 1 m in height.

Pull-out force (kgf)

Root-collar diameter (mm)

Height (cm)
F-8. (a) HIRHEEE, HoHWiE b) HHEFIEEEH EOBR

The relationship between (a) root-collar diameter or (b) height and pull-out force
of the root balls from containers.

F-4. REOPHEUHEEZRD L FHT 5 - BLREEF VO B L OCHREOHEEE
Parameters of models with the best predictive ability for the physical properties of root balls estimated by GLM.

Response Unit Intercept Diameter  log(Diameter) Height log (Height) TypeSlit Distribution Link AIC
— S —_ —_ — ’
Hardness index (mm) 1LI5 3.89 #ax NA gaussian identity 300.2
—6.44 ** — — 0.29 **+ — NA 376.7
kkk —_ —_ shkk —_— —_ Aok

Detached soil @ 7.33 4.32 0.69 Gamma log 209.0

5.22 *¥* — — —0.09 *** — 0.88 ** 2436

—3.36 ok — 3.04 #H* — — —0.71 #x* 240.6

Pull-out force (kgb) 8,08 **x _ . _ 250 _0.87 *** Gamma log 260.3
“Intercept” indicates an intercept of the equation for both types of containers. “log (Diameter)” and “log (Height)” indicates a natural logarithm of diameter and that of
height, respectively. “TypeSlit” indicates a difference of response variables from Rib type container to Slit type container. “ —" and “NA” indicate parameters which were not

used in GLM and omitted by the mode! selection procedure, respectively. **and *** indicate statistical significance at P<<0.01 and P<0.001 level, respectively.
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Photos of the root balls which grown (a), (b) in rib type container
and (¢), (d) in slit type container.

(@), (B V7EarTF, ), @ AV BlarTT,

The numbers in parentheses indicate root biomass of each root ball. The black arrow
indicates the roots distributed linearly along the rib on an inner surface of a cavity.
The white arrow indicates the air-pruning on a root ball surface, which formed
inside the slit on an inner surface of a cavity.
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