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under vacuum at 40°C
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Fig.l. Flow diagram of extraction and partitioning procedures of inhibitors in the waterlogged soils
treated with organic materials.
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Fig.2. Effect of organic material application and waterlogging on the chlorophyll content of citrus
leaves. O : control (C) , @ : fowl faeces and sawdust compost which was fermented for about

3months (FS) (408 DW), A : FS(400 8 DW), B : citrus branch pruned (unfermented) (CBU)
(408 DW), O : citrus branch pruned(fermented for about a year) (CBF) (40 8 DW). Chlorophyll
content was measured by a Fuji type GM1 green meter, Vertical bars indicate standard error

(SE).
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Fig. 3. Effect of organic material application and waterlogging on photosynthesis of citrurs leaves.

Symbols are the same as shown in Fig. 2. Mean separation within date by Duncan's multiple
range test, 5% level (as indicated by different letters).
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Table 1. Effect of organic material application and
waterlogging on the growth of citrus roots.

Injury rating”

Treatment Non-waterlogged Waterlogged
C 0 3
F S40 0.3 3.3
F S 400 0.7 4.3
CBU 0.7 5
CBF 0 2.7
¢ See Fig.2.

Visual rating : 0= Vigorous root with many fibrous roots, 1=
Vigorous root with only a few fibrous roots, 2=1—25% of the
roots are dead, 3=26—50% of the roots are dead, 4=51—-75%
of the roots are dead, 5=76—100% of the roots are dead.
Twelve weeks after the onset of waterlogging, the trees were
removed from the pots (Wagner's pots of 1/5,000 a), and the
injury rating of the roots was determined.
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Table 2. Active Fe and H;S produced in the waterlogged soils treated
with organic materials.

Treatment Active Fe” H,8*
[ppm (dry wtbasis)) (mg S/12 hr)
C —-W+ 157.2+21.1% 0.31%+0.01
FS40 -W 188.2+ 6.2 0.31+0.02
F S400—-W 259.8+19.8 0.36+0.02
CBU —-W 247.1+19.4 0.414+0.01
CBF —wW 183.2+ 8.9 0.27+0.02

¢ See Figs.2 and 4.

Twelve weeks after the onset of waterlogging, active Fe in the waterlogged
soils was extracted with 1M sodium acetate solution (pH3.0) and 0.2% a.
a’-dipyridyl solution was added in the extract. Then Fe in the extract was
measured colorimetrically at 525nm.

Six weeks after the onset of waterlogging, H:S evolved from the water-
logged soils was trapped in 2.5% zinc acetate solution. And then H;S in the
solution was analyzed by the iodimetry.
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Fig.5. Growth inhibition by soil water (2 m¢) obtained from the waterlogged soils treated with organic
materials. 1: C-W, 2! FS40-W, 3 : FS400.-W, 4 : CBU-W, 5 : CBF-W (see Figs.2 and 4).
Twelve weeks after the onset of waterlogging, soil water was filtered through Toyo No5B
paper and fractionated by chromatography on columns of ion-exchange resins (Amberlite CG-
120 and CG-400). The rice seedling bioassay was used at pH6.5. Vertical bars indicate SE.

] &

DOED A ¥ ¥y EBEMSHEE S <, —RNCHASRIFTS 3%, MBI T b BAD T
BRBAROND Z LtibD o 1, KEERCEETHON >+ YETIHBIRIC L 5 BN EA L
BEEL->TW3E, 2OL5MichswT, ERICEBYEANT: £ 2HEKTRORBICHK-> TEL
EBRINCELWEENRETI Ao TE Y, ARBOBE»S L, LD enTITans,
WM, AFUs, BE, Fu. YT, h RS K OEERALEL RS, HRMION
I SRS S ORI 5 1P A HORE A L £ MELTOS, Fh, IS @, ¥
BrEUAEKTHRAREICLIWSE, 1 FY 7, %, 7Y, 73, AF, ZFY, 9> ay



0 0.5 1.0 0 0.5 1.0 0 0.5 1.0 0 0.5 1.0 0 0.5 1.0

Neutral ethyl acetate-soluble fraction

Second leaf sheath length (cm)

2 v - v
4 I + r—_ﬂ' 9 4 — 4 l_]
— ] — L =]

3k 4 1 £
2t 4 L

1t 1 -+ 2 + 3 -+ 4 L 5 4
0 A N A A A

0 0.5 1.0 0 0.5 1.0 0 0.5 1.0 0 0.5 1.00 0.5 1.0

(Rf)
Acidic ethyl acetate-soluble fraction

[fig.6.  Growth inhibition by soil extracts (50g FW) obtained from the waterlogged soils treated with organic materials. 1 : C-W, 2 ; FS40-W, 3 : FS400-W, 4 :
CBU-W, 5.CBF-W (see Figs. 2 and 4.). Twelve weeks after the onset of waterlogging, inhibitors in the soils were extracted with MeOH and fractionated
as shown in Fig. 1. The fraction was evaporated to dryness, and the residue dissolved in 1 mf ethanol. The solution was spotted on Toyo No 50 paper
(2 em x40 cm strips) which was developed with solvent (iso-propanol : 28% ammonia : water=10:1 : 1, v/v). The strips were cut into 5 segments and
analyzed by the rice seedling bionassay.
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Summary

. We investigated the effect of organic materials on the growth and the photosynthesis of 3

-year - old 'Kawano Natsudaidai’ (Citrus naisudaidai Hayata) seedlings under waterlogged

conditions. In addition, inhibitors in the waterlogged soils treated with organic materials were

examined. Fowl faeces and sawdust compost (FS), unfermented citrus branch (CBU) and fer-

mented citrus branch (CBF) were used as organic materials.

2. Waterlogging inhibited root growth and caused the reduction of chlorophyll content and

photosynthetic activity. The degree of waterlogging injury, however, varied with the kind and

amount of organic materials. Growth inhibition was severe at the applications of CBU and FS (400



g DW), but was slight at the other applications, especially CBF application. In addition, the day
before the onset of waterlogging, photosynthetic activity had already decreased with the
applications of CBU and FS (400g DW).

3. Under the waterlogged conditions, the concentrations of active Fe and H,S produced at the
applications of CBU and FS (400g DW) were higher than those at any other applications. The
anionic fraction of soil water, which seems to contain some organic acids, inhibited the growth
of rice seedlings. The degree of inhibition at the application of CBF, however, was low. The
methanol extracts from the waterlogged soils treated with CBU and FS (40 and 400g DW) heavily
inhibited the growth of rice seedlings at both ethyl acetate-soluble fractions.

4. These results suggest that when soil treated with unfermented organic materials or with a
great deal of fowl faeces and sawdust composts becomes submerged, the growth of citrus trees
will be severely depressed not only by increases in the production of reduced substances, such as

active Fe and H,S, but also by inhibitors derived from the organic materials.



