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The effects of soil amendments and mulch on soil animals living near the roots
of Quercus serrata saplings planted in a seaside-protection forest regeneration
area after the Great East Japan Earthquake
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Abstract

In seaside-protection forests planted after the Great East Japan Earthquake, it was recommended that broadleaf trees
be planted in addition to Japanese black pine Pinus thunbergii and Japanese red pine Pinus densiflora to cope with the
increasing damage caused by pine weevils and fulfill the multifunctional role of these forests. However, the broadleaf
trees planted had low survival rates. One major reason is that the embankments created from mountain sand gradually
hardened, negatively affecting drainage, and the mountain sand was originally poor in nutrients. Therefore, this study
examined whether fertilizers, soil amendments, mulch, and windbreak fences addressed these problems. We postulated
that these measures would also improve the soil environment as a soil animal habitat. This study tested the hypothesis
that the introduction of soil amendments and mulch created suitable habitat for soil animals and enriched the soil
animal community around saplings by clarifying the effects of introducing soil amendments and mulch on the soil
animal community structure and the effects of the type of mulch and the time elapsed since the mulch was added. We
investigated a 20 x 50 m2 plot in a seaside forest regeneration area in Miyagi Kaigan-rin Saisei Minna no Mori-zukuri
katsudo (Yamamoto Chiku). We used Quercus serrata saplings, artificial soil, vermiculite, perlite, and bark compost as
soil amendments, and jute hemp, hemp, cocoa mat, and straw as mulches. Soil blocks were collected in August 2018,
September 2019, and July and September 2020, and the medium-sized soil animals in the blocks were extracted using
simple Tullgren apparatuses of our own design. Large soil animals were collected in July and September 2020 by hand
sorting. In total, 2684 soil animals representing 27 species in 13 orders and 19 families were identified. The species
with the most individuals were ants. The numbers of soil animals and species were both higher around saplings with
mulch compared to bare ground, but there was no significant difference between saplings with and without mulch.
However, when the bias in the total number of soil animals was compared among treatments, soil animals were most
abundant around saplings with mulches, followed by saplings without mulch, and bare ground. The numbers of soil
animals and species did not differ significantly among mulch treatments, although jute hemp had the greatest number
of soil animals. The results suggest that the introduction of soil amendments and mulch improved the soil environment
as a soil animal habitat and this effect depended on the material and structure of the mulch. Neither the number of
soil animals nor species was affected by the passage of time since the mulch was added, although the total number of
soil animals tended to be higher in the first year and lower in the fourth. The numbers of earthworms and millipedes,
which are ecosystem engineers, were highest in the second year, perhaps because the ground surface was gradually
exposed due to the age-related deterioration of the mulch and the simplification of the soil animal community with the
passage of time due to intense competition. Therefore, our results generally support the study hypothesis.
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Figure 1. Map showing the study area. A 20 x 50 m2
plot in a seaside-protection forest regeneration area
(Suga, Yamadera, Yamamoto, Miyagi Prefecture) in the
target area Miyagi Kaigan-rin Saisei Minna no Mori-
zukuri katsudo (Yamamoto Chiku). This map is based
on Digital Topographic Map 25000 published by the
Geospatial Information Authority of Japan.
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Mixing the four different soil amendments

TIERHBERMEEAT HEHRAN
A planting hole for introducing the soil amendment
material

EAR1ARS O LEHRHM (42 vbL)
Soil amendment material for one sapling (42 liters)

T SEAREEH T DT

Planting a Quercus serrata sapling
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Figure 2. Four soil amendments (artificial soil, vermiculite, obsidian perlite, and bark compost) used for planting

Quercus serrata saplings and vegetation.
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Figure 3. Treatments investigated. The effects of adding soil amendments and mulch on the community structure
of soil animals were investigated in treatments (a) and (b), the effects of the type of mulch were investigated in
treatments (d)—(g), and the effects of the time elapsed since mulching were investigated in treatments (a), (g)—(i).
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Figure 4. Simple Tullgren apparatus made from a
disposable body warmer and a plastic bottle.
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#1. HEHYOHEMEICKIETOVF VI MEBREDORE < VF L IM OO E, <V MR E
5 DOFEIEIDRZEE, 7L 77Xy FDEWT, FH DB T B ENH B L Z /R T (p <0.05, Bonferroni

BRI KBS EIMHRE) V> TVE, A ZFERE 5\ I3 FisherD IEHERERE I X 2 E BMEIZ, 7 22
227EnsTAT (ns; p>0.05, *; p <0.05; **; p <0.001)

B # i Atk (E2MHEIR) HeaERe
Order Family Species Food habit (Main food resource) Functional group
| AVRITE TR o PTET g (eas) s
Lithobiomorpha ~ Henicopidae P Zoophagous (Springtails) Predator
) FEXATH  ¥rYATR YIrYRT 333 (&%) LRRUEE
F i Parad: i Oxidus gracilis proph (Litter) E engineer
3 7EH A V7R AT Bt (GRyAAERR) mRE
Araneae Anyphaenidae Anyphaena pugil Zoophagous (Flying insects) Predator
4 T sER TEVER spp. Bt (Rt R R) meRE
Philodromidae Philodromus spp. Zoophagous (Flying insects) Predator
5 H=rER AAY<TE RS By etk (FReFAMERR ) WEE
Thomisidae Lysiteles okumae Zoophagous (Flying insects) Predator
6 =7 spp. Bt [6:2:0:323::0) HEE
Xysticus spp. Zoophagous  (Flying insects) Predator
. SRIER vRTE kit (i 2 B)%) mEH
Ctenidae Anahita fauna Zoophagous (Arthropods) Predator
3 NS ER EFZNZNTER spp. Bttt [6:72:0: 3-3.:0] HeEE
Iticid: Helioph spp. h (Flying insects) Predator
g VVH TR 7Y Bt (7 580) HWeEE
Scuti ha Scutigeridae Th b I h (Spiders, I ) Predator
o T0TaVE AR AL spp. MR (IR 25V L) HWEE
Coleoptera Carabidae Carabidae spp. Omnivorous (Earthworms, snails) Predator
" EAVY 60%: BIEPEr ENVZ 6ol o et (&8 WEDRE
Tenebrionidae Basanus erotyloides Saprophagous  (Fungi) Microbial feeder
" AVFBVR ALY spp. R (HE#DIR) REH
Elateridae Elateridae spp. Phytophagous  (Plant roots) Root feeder
3 S any R #~% /3 LY spp. 5403 (E5) WMEHRE
Leiodinae Leiodinae spp. )l (Fungi) Microbial feeder
u 78 PYTH=HH spp. [ 333 €3] HEEHE
Acari Oribatida spp. Saprophagous  (Litter) Litter transformer
s 74 =EE spp. %3 (385 H) Fib-<-
A i spp. S h (Soil des) Predator
16 NEAVE YFhe AR FHYFIE LB spp. R (B4R T REBHOK) HMEMRE
Collembola I id: A horinae spp. Saprophagous  (Fungi, Soil animal droppings) Microbial feeder
. EAVFRE AV ER spp. A (B3R LB D) MEHRE
Proi inae spp. b (Fungi, Soil animal droppings) Microbial feeder
18 FHIXAE FHIIXH spp. 333 (L4 ARERSULEE
Haplotaxid: Haplotaxida spp. S h (Soil) Eci engineer
19 FH TR rav~<7Y s (REOER-TEMEOE - 77720 OK)  HRE
Hymenoptera Formicidae Formica japonica Omnivorous (Dead insects, plant and aphid nectar) Predator
2 rEAaLTTY MR (B/hRR, £ HF) R
Te i Omn (Summer:small insects, winter:seeds) Predator
21 EANYTY Bt (hR) WEE
Ponera japonica Zoophagous (Small insects) Predator
s 7VIE spp. etk (RADEH- DK - 7770 DE)  HRE
Lasius spp. Omnivorous (Dead insects, plant and aphid nectar) Predator
53 /SvH aAaxF TrvatuX MR (B4 - H4%) wRE
Orth Gryllidae Teleogryllus emma Omnivorous (Animals, plants) Predator
o TAYAH RyageAvAB Nyav<A<AF spp. B Rt [E="TTY) HWEE
Helicarionid: Helicarionidae spp. b (Soil nematodes) Predator
g5 IIVEVE AT IDIR AT ADy MR (%3%) ERLHE
Isopoda Armadillidiidae Armadillidium vulgare Omnivorous (Litter) Litter transformer
2% UGV LR UIVAY 533 [€::29) EREBE
Parcellionid; Porcellio scaber ) (Litter) Litter
5y FMH FAIUR FRAIY MR (&%) BRERE
Pulmonata t id: it imatium bili Omni (Plants) Litter transformer
28 B g Sef
Median number of individuals
28 FRHOFRE
Median number of species
30 HefE kK
Total munber of individuals
31 %\Eﬁﬁ
Total number of species
2RO BIFRORIL
32 Total number of competitive
relationships between two species
2ROk BIER O
33 Total number of hostile relationships

between two species
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Table 1. The effects of soil amendments and mulch, type of mulch, and time elapsed since mulching on the soil animal
community structure. Different letters indicate significant differences among treatments (p < 0.05, Bonferroni’s
multiple comparison test); n, sample size. Significance by chi-square tests or Fisher's exact probability tests are
indicated by asterisks and ns (ns; p > 0.05, *; p <0.05; **; p <0.001).

TR EA TNTF LI OTREOEE TNAF TR BN LORBRE O &t
AT UUMRBORE Tatal
Effects of soil amendments and mulch  Effects of the type of mulch Effects of the time elapsed since Jute hemp mulching
(years elapsed)
~NVFLU TR i ~NVFU TR NNF LT (P 2—PF) i
Mulch Bare ground Mulch Mulch (Jute hemp) Bare ground
Ta—hF L Ta—ME B Yywvk U7 AL MER: 3R 2MFER 1R L
Jute hemp None Jute hemp Hemp Cocoa mat Straw None 4 years 3years years 1year None
n=10 n=8 n=8 n=8 n=8 n=8 n=8 n=8 n=10 n=8 n=10 n=10 n=8 n=10
1 3 1 2 2 2 8 18
2 1 1 3 5
3 3 3 1 2 9
4 1 1 2
5 1 1
6 1 1
7 1 1 2
8 2 1 3
9 1 1
10 1 2 3
11 1 1
12 1 1 1 1 4
13 1 1
14 2 2
15 1 1 2 2 5 4 2 1 1 1 20
16 1 4 1 1 2 1 10
17 2 9 2 13
18 3 3
19 1 14 15 14 4 113 1 6 6 174
20 104 395 270 348 324 19 26 1486
21 1 1
22 35 27 12 4 369 4 402 20 1 874
23 1 1 2 5 9
24 1 1
25 2 2 6 1 11
26 14 11 2 27
27 2 2
28 20 15 [ 05" 0° 0t 1* 05" 95 s3*  75% 14t s5° 35°
28 [ 0° 05" 0* 0" 1* 05* 25%  15° 3° 2t 20 1
30 147 14 3 ¥ 32 17 19 20 5% 440 651 495 756 51 34 #*
31 7 3 2ns 5 4 2 3 3ns 13 9 13 14 8 4 ns
32 2 1 Ons 1 0 0 0 O ns 13 10 13 13 8 2ns
33 2 0 Ons 0 0 0 0 1ns 5 6 13 10 3 0*
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Figure 5. A Tetramorium tsushimae colony in the soil

amendment material under jute hemp.
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Figure 6. Fruiting bodies of Laccaria spp. around a

Quercus serrata sapling.
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Figure 7. Lasius spp. feeding on honeydew secreted by

Lachnus tropicalis.
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