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Distribution characteristics of soil aggregates and their associated organic carbon under different irrigation

modes with reclaimed water

HU Ting—fei, WANG Hui", TAN Shuai

(College of Water Resources and Civil Engineering, Hunan Agricultural University, Changsha 410128, China)

Abstract: The effects of reclaimed water irrigation modes on the content and stability of soil aggregates, total soil organic carbon, and distri-
bution of aggregate—associated organic carbon in three subtropical soils, i.e., tidal soil, purple soil and paddy soil, were investigated. An in-
door simulation experiment was conducted at the irrigation and drainage laboratory of the college of water resources and civil engineering of
Hunan agricultural university. Four treatments were designed as follows : fresh water irrigation (CK), reclaimed water irrigation (RW ), alter-
native irrigation of fresh water and reclaimed water (ARW ), and mixed irrigation of fresh water and reclaimed water (RW-2). Soil samples
were collected from 0~15 c¢m soil layers in the plots of the four treatments for analysis. Using the dry sieving and wet sieving method, the
proportions of aggregates >5 mm, 2~5 mm, 0.5~2 mm, 0.25~0.5 mm, and <0.25 mm in size were obtained, and then the mean weight diame-
ter(MWD) and geometric mean diameter(GMD) of the fractions of soil aggregates were calculated. The organic carbon contents of the soil
and aggregates were also discussed. The results showed that regardless of treatment, the aggregates of three subtropical soils were dominat-
ed by macroaggregates (>0.25 mm). The proportion of macroaggregates were 89.56%~97.91% and 67.95%~81.81% by dry sieve and wet
sieve, respectively. Compared with CK, the MWD and GMD of tidal soil and paddy soil aggregates decreased in the three irrigation treat-
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ments, while that of purple soil increased; the differences between tidal soil and purple soil were significant (P<0.05). The total organic car-

bon and macroaggregate—associated organic carbon contents in tidal soil and purple soil increased significantly (P<0.05), while that of pad-

dy soil did not change significantly. The organic carbon content of macroaggregates was 8.83~29.95 times higher than that of microaggre-

gates. The former contributed 89.42%~97.09% of the total soil organic carbon content while the latter contributed 2.91%~10.58%. We con-

clude that purple soil and paddy soil are more suitable for RW. RW improves purple soil agglomeration and organic carbon retention, while

paddy soil is more suitable for RW-2.

Keywords : reclaimed water; irrigation mode; soil aggregate; soil organic carbon
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BIEE T, 4 < P AT MRS ) A 3 AT LR A 1 S 145

1.04, 2R (TN) 2B (TP) | S22 ) (TSS) Flfb 2=
A (COD) 4> 91 3.92+1.01,0.79+0.52 . 4.80+1.02
mg- L' F139.80+7.68 mg- L'
1.2 Rt R TR

S RE B AR R R A A, AR TN W
IK Ry 2l ek 1 2R FH 78 18 K RE A A X BR(CKOD) o
R4 7 P AR KOS TR E A 2T 398 A 3Rk R AT AL
TR A RFIE IR 22 57, R — IR - 8 P 2R (A S LA L
e T B O A I P A K AR 2 R
JKUEBE (RW) AR K 15 KRG VE R (RW-2) A
IR =K A HE R (ARW) 3 A KB . Hod  RW =2
Ry ) R 25 088 7K OB P A KR B 2 435 5 R s ARW S 5
— YR R AE K E R, T YRR FHZ8 1R K g , 9 3 4K
RS HAT o

IS T 2017 4E 3 7 —2018 4 10 A ZEWI B 4l K
SEREMEHE K TSI S AT . I A AR 26
cm, 155 32 em (1 [T 3% 5 4 i B, AR VS 3450 40 A BLAR
5 mm 938 K /INFL DLk B 23 AR P AL 2 A K R
o R HIERREIZNZ BEAR 1 mm LI, M5
BISTH S em A b R R 2, 2L R 2 R WA — 2
HAT mmZM, #1.20 g-em™ BT AT )ZE (5
em) I A4 25 R Z MR B R T BAL R,
PR E N 17 emo BHRIETEEE S, B4 A5
K 6 LZEIRKUEA TR | HE /K i) 7 - 383 i & By
PR 57 1F 2K R o 8 3R A Fp ) 39 1 e )
YERT . K 24 h 935 ZER SRS L LA IR I 56 1
FEFEAM RN, T 5 TR IRl IS F LR A B AT
RIS LR T A A R IBGEE M1 , B Lk A SRR RN
XFR B B T4

FH T HIHE KT BRI HE A5 2 1 58 5 K & A
k# R FELEE 6 A~ LA Rk St 5k Ji3t
PRAE HAE AR BN 10 emo IRIGAR PR 5K i 2
B A B ) A KR B . R 3 K s
HH (] 5 7K St B ik T H 32850k 10~35 kPa, T HES 7K
ICF H R KR A 60% B R T 58 — e ik &
AR A A HE IR A A, DR B VR 2k s B0k 80~
100 kPa B BPUEATHEK o BRI K S50 3 F80E A
B UG 3R EARE ABRE/NT 5% 0 I
T IEEERIEA TS KRR . RS A 1
a, BEURVEK Y 6 L, L3 8 Wk, B4~ L AEHE K
ERA8 Lo AN EL 3K ARG,
AR AR T WAL . WAL 34 E
S P OR AR 0~15 em JFUIR HBE  FTEAMR A TR TE A

1 B E ARG, T R R AR 8 A
IR
1.3 MEmMBE RAE
1.3.1 T3 A R AL ol SR 1

SR A 700 2 e A R AR A A, B 200 ¢+
FE = 5 bR MR T HL (ZBSX-92A BY , fLARIK IR N
5.2.0.5 mm F10.25 mm) 7E e KY)E TP 5 min )5 ,
I3 945 B ki 48 >5.2~5,0.5~2, 0.25~0.5 mm F1<0.25
mm 5 AR A, FR A A R AR TR AR s T
0 5 A R AA FL ), FRE S0 g - RE 2R R 0 v I i
R R PE, g AR o A A (FT-3 AY, £L
AR H 5.2.0.5 mm F10.25 mm) LA 30 ¥ - min™ 4%
PR35 10 min, FF 4500 K BT 100 CHER AT 5F
FrB . AR D) A (2) 7 55 A R A
AR TR AR (Roos) B 437 i, AU AR (3) FIA
(4) 3 F 5 e A R AR 2 5 H AR (MWD) AL LA
HEZE(GMD)™,

W.=M./ ) M:x100% (1)
i=1

AP WO A AT 435 i, %05 M 45 K2 A
RUMA L, g

Ro2s =M 025/ z M; ( 2 )
i=1
T e Mosoos FHIAE>0.25 mm g%'ﬁiﬁ:til:j:}ﬁ% »8o
MWD=3 X, xW, (3)
GMDZBXp|:ZMi ngi/zMi:| (4)
i1 =1

o X SRR R AR AR, mm
1.3.2 FIRIARA LR &

T 3R KA R AT R Ak 24 o
) T4k AR 0] BE X IR A RO AR AR K . R AR
SCHE T 5 25 R g 543 SIS Je F T A Lk
BT B ARG LB R 1 35 A BB TRk (F)
ARG,

p= OCXM: 600, (5)

s0cx Y M,
i=1

KA 0C R i R B RAK AR &, g kg3 SOC
F B PR S e kg
1.4 RIGHHE AL 12

iz FH Duncan’ s 2 X0 A [A] A PRIE] A9 22 55 I 25 P 0F
TP T, B E PEAS 56 15 5 A P<0.05, K FH Pearson /3%
XF KRS T B SRAR S B AR DG 43 #T o



146

URIEISCX ity 53965 1 5

2 HER55H

21 BAKEFBHEANTEABRGCIALREREY
EpA!

T Ab R, 3 AR AR XS AL E 1 1A
BRI AEFAE DL 1. 3] 1 2A>5 mm  2~5 mm 1 0.5~
2 mm & 3R AT R AR R =, 3 AR AT R AR R
79.90% ~ 92.70% ; 5 {6, + LA >5 mm F1 2~5 mm B4~ KE
G AR AR Ry 3, ARG T SR R B R 73.00%~
82.82% ; /KF 1M LA 2~5 mm F 0.5~2 mm > i £ 4]
B R FE . AR KRR R &N 61.90% ~
68.22% . 3 Ml 148 Roxs3i589.56% L [ (F2), 2
BT A HE CK BRI 1 RW AL B Roos TC I 35 25 57
A, Hof hb P 22 53 45 B 2% (P<0.05) 5 286+ Rk R +
AP RO.ZSi/}jJEE%‘I\{:E%E‘O éé{f'szﬁ?ﬁiﬂ}ﬁ ,j:ff%
IR A A SRR A A R DL 2 T 0 L R R K AR
P R A 2R A il R ol 8 /DN R 2 (A SR A 1 45 3 b - 48

601

PSR A £ it
The contents of aggregates/%
—_ w &~
W (e} W

Roos A EE T Ab B 5 b 2 BEAR (32 2) , W1 1 & L
KRG A MRS H T B 18.319%~30.09% . 16.44%~
20.10% 11 11.74%~24.45% . J7 22530 W . M 1L CK,
Bl - ARW A BT Roos 22 5 1 % 41 (P<0.05) , HoAth
AEERE TR E £ B O RUKRS LS AR Roos 2
SRR,

MWD F GMD 72 [ e - 38 A1 5 A& K /N 43 A1 AR B
) PG B, LA R 3R BH 4 8- SR04 1] 2% R
L, PUR AR R . 3R LIE ) & Ak B
T MWD Fl GMD % 81 ) CKSRW-2>ARW>RW , A Lt
CK, MWD #1 GMD 43 5 & % F%AIK 13.619%~33.31% F
7.24%~14.37%(P<0.05) ; £ {8 + £ B RW>RW-2>
ARW>CK, #H It CK, MWD #1 GMD 43 5| @ 3% 14 K
46.05%~85.46% F1 12.19%~25.31% (P<0.05) ; /K #5 +
MWD F1 GMD ¥ ¥y RW -2>CK>RW>ARW, 4 [t
CK, RW-2 4t B MWD Fl GMD 43 1| 34 K 2.86% Fil
7.71% , HoAt Ak 30 00] 43 5] B AEG 4.029%~8.19% F11 1.69%~

-O0- CK &~ RW - RW-2 {F+ ARW

P 0b 6P 00 0P

60

S04
1 B AR 2% Particle size/mm
| FRAEBETENRELERAREEE

Figure 1 The contents of soil aggregates with different particle sizes by dry seive
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Figure 2 The contents of soil aggregates with different particle sizes by wet seive
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Table 2 The contents of macroaggregates by dry sieve or wet seive under different irrigation modes with reclaimed water

WA F0i Roos Macroaggregate by dry sieve FE07 Roos Macroaggregate by wet sieve
Irrigation mode il - Tidal soil 2240+ Purple soil  7KAH 1 Paddy soil il + Tidal soil 2404 Purple soil  /KFH 4 Paddy soil
CK 92.18+1.98h 97.91%1.57a 93.02+2.04ab 75.29+2.97a 81.8123.21a 72.5622.83a
RW 91.18+1.49h 96.60%1.15a 96.07+2.34a 71.14+4.57ab 79.0621.98a 72.58+4.63a
RW-2 95.46x1.51a 97.35%1.50a 89.56=1.65h 73.10+6.54ab 77.78+2.34a 79.05+2.89a
ARW 97.20%2.80a 96.9422.03a 95.05+1.87a 67.95+4.55h 79.5123.85a 71.90+4.43a

1 RS R R R A R AL B 25 57 2% (P<0.05,n=3) . KA.,

Note : Different letters in the same column indicate significant difference among treatments (P<0.05,1=3). The same below.
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Figure 3 The content of soil total organic carbon under different

irrigation modes with reclaimed water
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Figure 4 The contents of organic carbon in soil aggregates with different particle sizes under

different irrigation modes with reclaimed water
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Table 3 The contents of soil macroaggregate—associated organic carbon and microaggregate—associated organic carbon under different

irrigation modes with reclaimed water

1 e 51 Soil classification PRI Irrigation mode Cuilg-kg Cuilg-kg™ Conil Cui Conad % GMD/mm MWD/mm
1 Tidal soil CK 8.66+1.55b 0.87+0.06ab 9.87+1.12¢ 91.48+4.26a 0.90+0.02a 1.54+0.00a
RW 10.97+2.71ab  0.93%0.21a 11.72+0.22b  92.10+1.22a  0.77+0.01¢c 1.03+0.10d

RW-2 11.41+2.08ab  0.62+0.19b 18.84+2.49a  94.90+1.00a  0.83+0.00b 1.33+0.01b

ARW 12.69£1.39a  0.72+0.08ab  17.70+0.08a  94.57+1.15a  0.79+0.01c 1.22+0.04¢

41 Purple soil CK 8.77+1.84b 0.36+£0.04b  24.03+2.65b  95.97+0.42a  0.97+0.02d 1.76+0.34¢
RW 16.54+2.67a  0.55+0.05b  29.95+2.09a  97.09+2.51a 1.21+0.03a 3.27+0.21a
RW-2 17.45+1.19a 1.07+0.34a 17.2944.65¢  94.15+2.01a 1.16+0.03b  2.87+0.17ab

ARW 10.06£1.06b  0.45+0.06b  22.30+0.48bc  95.78+1.02a 1.09+0.01¢ 2.57+0.11b
IKFF 1 Paddy soil CK 13.62+1.15b  1.21£0.48bc  12.41+4.33b  92.08+1.85a  0.84+0.05ab  1.29+0.06ab
RW 16.40+1.85a 1.85+0.09a 8.83+0.57b  89.42+7.47a  0.83+0.05ab  1.24+0.10ab

RW-2 15.22+1.58ab  1.35+0.35ab  11.59+1.89b  91.87+0.19a  0.91+0.03a 1.33+0.03a

ARW 13.19+0.88b  0.63+0.14c 21.54+3.46a  95.49+0.68a  0.82+0.03b 1.19+0.05b

TE = Coa R BTRAAAT WA 5 4, Cos BT IRAAAT WL 85t 5 Coone A I ZR AT HLRR 35 12 0F 1 S8 AT LA 55 k19 DR 5 GMD I MWD 3528 FT1%

i b JUL P R PR A T S A A

Note: C.. is soil macroaggregate—associated organic carbon content, C,; is soil microaggregate—associated organic carbon, C.. is the contribution of soil
macroaggregate—associated organic carbon content to the total organic carbon content, GMD and MWD are calculated with aggregate data by wet sieve.
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Figure 5 The proportion of aggregate—associated organic carbon contents in soil total organic carbon contents
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