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STUDIES ON THE IMPROVEMENT OF DRAINAGE METHOD
IN THE HEAVY CLAYEY PADDY FIELDS

1. The Effect of Using Together Pan-breaker
and Underdrain with Rice Hull

Shoji KoBavasui & Hideaki MizumoTo
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Table 1. Soil profiles of expenmental fields (Numata)

Soil groups D(ggg' Horizon | Texture | Soil Color Structure Hz;gtggss Stickiness
Strong 0— 18 ApG LiC 7.5Y 5/1| granularxblocky 15 Very

gley soil 18— 45 G LiC 10BG 4.5/1 | Massive 17 Extremely

(Alluvia) | 45 100 | G LiC | 5BG 5/1| Massive 15 | Extremely
0— 18 Apg HC 2.5Y 4/1 | granularXblocky 15 Very

Oty l18—32| Awg | HC | 2.5Y 6/1| Massive 2 | Extremely

(Diluvial) 32— 49 Cig HC 5Y 6/1| blocky x prismatic 21 Extremely

49—100 Cag HC 10Y 7/1 | prismatic xblocky 25 Extremely

Table 2. Physical and chemical properties of the soils on 4 experimental fields

Soil groups| Location Depth jCEC | T-CHT-N#¥ composiltvi%:hlanrrecrﬁational) P:;%g‘;’:l‘tty' Confi‘::iincy

(cm) |(me)| (%) | (%) f.s | silt | clay | (cm/sec) |LL/|PL”]SL*”

A) 0- 18| 23.0 3.38 0.24 1.6 20.7 38.6 39.1 2.4x107 ! 61.3 32.3 23.6

18- 45 2 1.52 0.12 1.4 25.1 36.7 36.8 1.1x10~ | 53.7 30.3 21.5

f‘:m:gl Numata | o 00| 22.4) 1.47 0.08 3.7 20.60 32.2 34.5 5.6x10" | 58.5| 32.4] 18.2
1

(gA“):mal) B) o- 121 17.8 2.80 0.23 1.6/ 7.8 54.7 35.90 1.2x10°7 | 57.4] 32.8 27.9

12- 20 | 18.3 2.60 0.22 1.2/ 8.0 55.1 35.7| 5.5x10~7 | 53.7 28.7 27.6

Naganuma 20- 45 | 15.8 1'40| 0_10‘ 0.1l 3.7 63.3 32.9 3.3x10"7 | 66.0 35.1] 30.7

o o- 18 | 17.5 3.49 0.27 1.2 10.2 42.7 45.9 1.2x107 | 48.6 28.8 16.6

4 18- 32 | 17.5| 2.03 0.12 0.2 5.4 38.2 56.2 5.5x10~7 | 47.3 30.2] 20.9

Gray | Numata | . 49|18 1.01 0.08 0.3 3.8 31.0 64.9 3.3x107 | 54.1 28.9 13.5
brown soil

(Diluvial) | p) 0- 14 | 19.2 2.60 0.19 15.4| 21.7 37.6 25.3 2.3x107 | 45.2 27.7| 26.3

14- 18| 19.3 2.26' 0.16] 13.2 20.5 39.1 27.2 1.4x10-® | 50.4] 31.7| 29.5

Naganuma|jo 40| 21.9 0.53 0.04 5. 20.5 50.5 23.4] 4.4x10° |39.3 5.5 280

* total carbon
’ liquid limit

#  plastic limit

*% total nitrogen

# shrinkage limit
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Fig. 4 Variation of lowering ground water

table during non-irrigation period
(Oct. 1971)
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Table 3. Measurement of volume composition

Soil [ pooid T iauid 1 AV Seid T Tiaid T K
Location Plots phase (%) | phase (%) | phase (%) : phase (%) | phase (%) | phase (%)
groups 1970  4/K I 1971 21/K
Control 36.7 58.3 5.0 | 40.1! 57.8 2.1
Numata | Panbreaker 43.4 46.9 8.3 | 40.4 | 54.6 5.0
Underdrain {soil 42.6 46.4 11.0 . 40.1 54.0 5.9
Strong hulls 45.9 39.1 15.0 | 40.0 49.7 10.3
gley ; | 1970 14/K } 1971  8/X
soil Control 40.1 56.6 3.3 37.4 60.0 2.6
Naganuma | Panbreaker 38.0 55.9 5.5 37.3 59.1 3.6
. [soil 40.3 53.5 6.2 37.9 58.1 4.0
Underdrain {huus 41.7 47.7 10.6 39.2 54.2 6.6
[ 1970  4/K 1971 21/K
Control 43.3 52.5 4.2 45.1 52.4 2.5
Numata Panbreaker 42.7 50.5 6.8 44.9 52.5 2.6
. {soil 42.3 47.9 9.8 | 47.6 49.6 2.8
Gray Underdrain {huus 4.0 39.2 16.9 |  50.1 45.7 4.2
brown i |
<ol | | 1970 2/K | 1971 7/X
Control 39.5 57.3 3.2 4.4 53.3 2.3
Naganuma | Panbreaker 41.0 53.5 5.5 45.8 50.5 3.7
. {soil 40.9 51.9 7.2 4.9 50.4 4.7
Underdrain {hulls 43.0 41.9 15.1 52.0 42.6 5.4
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Table 4. Physical properties of the returned soil over underdrain

Soil - Bulk \’olutﬁe composition Water bilit
ol Location density [~Solid [Liquid | Air | content | © em;a. ' 't y
group hase | phase | phase ceellicien
mi p p p 9
@roomb | "oy | "o | o | P
Control 134 50.7 43.9 5.4 32.7 6.5x1077
Strong | Numata . \ _
g Underdrain (soil) 114 42.5 56.5 1.0 49.4 6.1x10"8
gley
soil Control 19| 41.9| 57.2| 0.9 52.5 1.5x10°
Naganuma . .
Underdrain (soil) 107 41.0 57.3 1.7 53.5 5.9x%10°7
v Control 137 51.8 46.9 1.3 34.4 6.9%10-8
G Numata . .
ray Underdrain (soil) 115 43.5 54.6 1.9 47.4 8.0x10°®
brown
soil Control 125 | 47.1 46.4 6.5 37.0 1.1x10"*
Naganuma . .
Underdrain (soil) 116 43.8 51.0 5.2 44.0 3.8%x10°¢

(Sampling ; November 1971, at 50 cm depth)
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Fig. 5 Variation of hardness on the distance from passed panbreaker sections

(October 1970, Strong gley soil)
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Table 5. Distribution of cracks on the soil

surface
Soil ‘ Underdrain
Location | Crack {Contro}|—
groups Soil | Rice

!N Length| 80.5 395.0 778.0
Strong ! umata

Area 60.4| 411.3} 776.6
gley ‘ '
soil Length 862.0 538.0 954.0

Naganuma |
Area 797.5 512-5i 981.5
Numata Length| 272.0 332-0; 681.0
Gray | Area | 204.00 341.9 761.1
brown
goil Length 712.0 758-5| 1015.5
Naganuma |
Area 578.8 660.7, 963.2

Length cm/m2  Area cm?/m?2
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Table 6. Measurement of downward percolation and consumptive water depth (mm/day)

Control Underdrain (soil) Underdrain (hull)
Soil Locations | Date | p card |C .| Downward C .| Downward C .
group ownwar onsumptive percolahon onsumptive percolati.on onsumptive
percolation | water depth |Direct] Side | yater depth | Direct| Side | water depth
upper| 1m upper| 1m
Str‘gng Numata 18/M 4.0 4.1 4.8 3.8 5.1 4.7] 3.8 8.2
§oily Naganuma | 21/\I 3.8 6.6 3.0 3.3 17.0 4.1 4.7 6.7
bC:;ay Numata 19/\i — 5.1 6.5 4.6 6.5 54| 4.8 7.6
wn
soil | Naganuma | 9/\] 9.0 12.7 8.6 9.2 11.0 6.2 8.2 —
b Do G E S BET 000 T, SO
[ETFEERE, WInd 10mm/AUTFTTEn TR SR,

I PE L, AL UMK EEMSFImD
BB BEQIZEAERDENL, Lk
LAgmaM i, 75 4 4180 3~5mm/B
Vot LTIR B H543 5~10mm/ [ ¢, dxfiid
PECREDERALGN:, KRB THE LA
Bt 58EE, —BilTe LTubnsan
EERTEDLHTUNEL LDV DEEZLND,
IITH Rk, WTNLERRRE
INZ0C 97N EIIZ=Y A » B TERER
WEHENTE 5T, MERAELNE 238 LTk
TERETHEEEENE Lo IOKETI,
HBET0.1~1.0mm/H, K8 H L& T
0.3~2.0mm/H, = : #SEHLII LS T2 1.2~
3.7mm/BERY, TNTNATEOEIRD S
nreH, WFNLMENUIED TS ot 2
m*ﬁu,?%@?tﬂﬂ&mtmﬂ@%m%u
CaadBN7ay, ERIAVCTR L FE LS
<._mﬁﬁmﬁmmmmﬁﬁﬁuaavbﬁm
. Table 7.

3 BREIHTOEIE

BUKHE LT, RSRENTNCRIR L i 45
i3, ﬁf&%’»ﬂ"?‘&’(@'fﬁ@ﬁ)ﬂ L2UTH6YT
WEREDET 2 &, Bk E LToisiitsng
i (PR AR
ARBICMR L2 7 S OFasy, Rk
FBRVEARLVIL2EHOMEHIOWT, &
W EFEKRGFHEOEALE B U7z (Table. 7-1)0 Hijilk
2.5kg/cm* FTADE, BT HaFe ¢ ¢
13.8g/100 ml iz LTl I~ 24EAD & ¢ (&
H5~10cm i) & 18~19g T, # 40 %D KM
AHNTo FEARRE D BT L DT LM 2 E
WKHY, BEMIETETOBIANADNIMN,
2.5kg Wi TIE, WTNY 10 3= 5 —Th
o 2HEADE 112 10kg DT E M 1T T H 102
F—F—-Thotio BLEDHE T2, 3kg/cm?
DREDEEZ ST IR boLlisns
DT, KPBDERN G, FHORLIEL AT Y,

Variation of the buried rice hull
7-1 Relation between permeabxhty coefficient and bulk density

s sTTTTR

7 Load (kg/cm? o
Rice hull g/em?)
2.5 5.0 10.0
*»
Bulk density 0 13.8 13.9 15.8
(£/100 mI) 1 18.3/13.7%* 20.1/14.6 23.2/16.7
2 18.7/17.2 19.7/18.8 22.5/21.6
Permeability 0 5.8x10" 4.3%x107 1.8x107!
coefficient 1 2.6/2.8x10! 1.6/1.5x10? 5.6/6.1x10"2
(cm/sec) 2 2.3/1.6x10™ 1.4x1071/8.1x10-2 4.4/3.5x10°?
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7-2 Decomposition of the buried rice hull (Dry matter percent)

(=3
J

285

: Loss on ignition Ash Total carbon Total nitrogen C/N
Rice hulls % % (%) (%) Ratio
8.0 16.0 35.8 0.45 80.6

71.7/76.9 28.3/23.3 20.0/36.3 0.27/0.39 76.0/94.3

58.9/76.6 41.1/23.4 24.0/29.5 0.38/0.42 63.9/70.9

* 0 : Fresh rice hull 1 : Rice hull after one year 2:

*t  Upper/Under

MRS EERNL, T I FSOEKERE TR
T3 EERVWTHASH 5.
RBAREIIONWT, 2, 3O5HET L - 12
o Table. 7-2 DE B0 ThHD, RERIH
SR 801z LT, 14EHITT6, 24EHKIZ64 &
bIEMrLENSHKRETL T 3 (L#5~10cm &
D)o PIMRLERTHD L, FEEHO A LN, 144
®72%, 2EHENDZBLENEFNETL, 140
T12~13 % DEE T FRNEA TS I Tk
3o WMBH* LM (5~10cm) & T (50 cm #fir)
T TABE, WENOWE L THOELIZD
SR, THNCHRTEROERIEAZDKREN
£33 Thd. BHTHOREZTEDE, KEROM
FHLEECEL T3 5~10cm o412t Gl
HEBORANRALN, € 1 OE D BB
2V, W, BELLIZUEMIET LTS,
BEICEBRE L2 ¢ 775 OBET 2 56
PR, BFEEARRBRSNERE LI 3 MED
BBETR, = HF70BH BRTEHTVLNI
ERMEBEENTBN,

v % %

BERB S W T2 KB OSSR KMmE, FEEK
oL, IEOTEM L KK EKE % LT,
RIBRIC L 2—TERETTOHD L ElHh D,

AP T, KL REITEHT 2 KBNS M,
LRBOFARER DS WD LEEHRNREL, Th
REBBOGAL L CEEEREET I TS50
T, INEMRTI~FHEELT, BHRIIE LY
FEERBLTHBANEZ L 5, &R LS
Vv —A—-ORIILE - T, —lOBKEE S
HAMELLHRN Lo ZORSE, B0 vy
V- BT ERIRE v T v —

Rice hull after two years

— DG THITERT, BREDLERSET
MR, ZHESHIED 2 KEE XTEBRORM
REFEZREDHDBNIZ. 2D L SIIIRLEDOEEN
FTTLEDR REREIY, BECMBAREL,
etk D IKMERINELC Y, avvRAFvyy—
ERARELTOS LR T 5 LA GO
N TEIe TOL ST, BOMILERE
BEE L, BROETELEDZ7:HD0EHEEY
5 ThD. EEE L ERLIEFHLALS, K
R OE T E T BEEXEELBRIIHD 2
ElX, BLOTFRITE s THAL M THZM9, K
RRTIE, KRB LER L ETERENTE
UM S70OT, HEARRBDELER L T LEE
BENEL, TIFFEELAVvIv—-n—%i
e BEnETHRINTIHRERN L7
ITCHBLEREARRRBL a—v_ARbE A~
2 —-DWFIL Fig. TISRENZ EHY, BHRY
=6.66X—2.69. y=0.92 T TE\ MY » 8
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Y =6.66X—2.69
. r=0.92
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2
-§30

x
=20
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1 2 3 4 5 6 7 8 9
Cone index (kg/cz)
Data

N, measuring apparatus
total weightd.0kg

Conepenetrometer
cone 6,15cx+30"

rammer 1.5kg

fall 30cm

cone §7¢ (5.72¢x)
0

Fig. 7 Correlation between Njo value and
cone index
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—_— N,.-Value
30

10 20 40

B) Naganuma

A) Numata

8 — 1. Strong gley soil

—> N,-Value ——> N,—Value
0 » 3 @ 0 102 30 40

D) Naganuma

C) Numata

8 — 2. Gray brown soil
o—= Control +— - —= Soil underdrain
o———o Panbreaker  &----- -o Rice hull underdrain

Fig. 8 Change of soil hardness by Njo value
(September 25, 1970)
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Summary

At the heavy clayey paddy field which
had poor surface drainage because of very

the soil condition for
improvement of working efficiency of agri-
cultural machines was obtained by using rice-
hull underdrain along with pan-breaker(“hull-
underdrain + pan-breaker”).

The results were summarized as follows:

slow permeability,

1) Preserved hole of pan-breaker trace
was differed by soil conditions and forms
of underdrain, i.e., the hole of pan-breaker
trace was kept the most stable in the case
of * hull-underdrain +pan-breaker”,

2) The effects of “hull—underdrain+
pan-breaker ” was more clear than that of
soil underdrain with pan-breaker in relation
to decreasing of soil moisture, increasing of
soil hardness and development of cracks on
the surface layer after cut-irrigation.

The effects of the experimental plots
are; rice hull underdrain > soil underdrain)
pan-breaker > control.

3) Judging from the volume composition
soil moisture, soil hardness of the surface’
soil and ground water table, the effects of
the underdrain were recognized as far as
about 5 meters from the rice hull underdrain
and about 1 meter from the soil underdrain

4) As mentioned above, “ hull-under-
drain+4pan-breaker” had more remakable
effects which gave suitable soil condition for
the trafficability of agricultural machines
than the drainage methods hitherto in use.

5) The decomposition of the buried rice
hull was advanced at the upper part of it,
i.e, mixing of soil, breaking of the original
form and lowering of the ratio C/N, but it
had little influence on the permeability of
the rice hull. 7





