5556 %5 45 1 1 o oHE o2 g Vol. 56, No. 1
2019 4F 1 A ACTA PEDOLOGICA SINICA Jan., 2019
DOI: 10.11766/trxb201808130179

NEFB ST RF S IR E AR R R R

WHRH Tk SBEE EAK EMK BKE LHE

UL IR T XA B2 WFFE /A M B I3 P A R e 2 25 PR B i AR A e vy, VTR TR M 215155)

W OE il VF 3 R 2 A A K AR AR R AR AR R BRI iR R 2 —, AR ETIIE T KM
W N X /NS 7 R R MR G 14 5 i A AR 38 K A R R AR 1) TR ORI o R AR R X AT 4 afty HH TR
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B, Ak R ™ A PRI TS e ) A, b R K il
MREhIs e . MIFKE B LR A
FFE M . 2R R R K S Rk s T
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e T Al R R A 7 PR S K
A TRIEE 9 A IE 2o i A R AR R g, HAT
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FAEA R AE BT TR A S8, X T SE 3k E AL
JE it P e 3 K LA B S KA R A RE AR
Ak F RO T P A K R = A I, 2 = K R R L
PG ARG L R, KA A
HUIE 5 P00 I T it 7 /N 22 52 b b B4 7= e sy . 9840 I
W K A e R 5 AR A B BIF ST D i ARG . R T, A
MRt AR SRR ZM T, W TKRAEHY
V5 LA AN R AN [R] 4 U X /N2 7= i F 4 4 9%
SIFEARIRE IR, LAY A B R b X /N 22 oA i
KA A WL SRS T o AW (O 2 2R
TR b DX 7K A FE A LA it A X L T P
SC, T H X9 KA A Y BRPRIR B . SRR IR TG Y
TWEAE XU AT — 2 SEPR N

1 MRS

1.1 R SRR

R R VAR A i N =N N I - T
(31° 25" N, 120° 26" E) , #¥ila k¥, BT
MY PG 2 U W S, AR R 29157
C, FEREKELT 100 mm, 4FEH BEECE2 000 h
L b, AFRAAE230 dUL b 88 T KW
X LI ROK RS+, FIEEAHLE30.6 g kg,
S5 1.76 g-kg™', AR 6.43 mg-kg™', HAH

#*=1

84.8 mg-kg™', pHNG6.3.

B/NE R 16" o INETEITH A
T %4%, 47H40 cm, $%M8262.5 ~ 300 kg-hm™
FEAh, WAES H Rk . b iE A IR &E (N
46% ) . FEEEREIE (7P,0, 12%) . AALER (&
K,0 60% ) . ik A HLIE R /K A= H 9) p A o
( Elodea nuttallii ) #&M/KFE ( Oryza sativa ) T
F, fRffE4 - TR S &R A A BEHE I A . AR
i HA AL > M7 T I A R K A
I o, RN EZ F=R P EERSRA
kL,
1.2 Rt

WIFBAIA (LTFHS “M” ) BRIREA
(LIRS “U” ) e, iksdize M, 45
HF0% . 20% . 40% . 60% . 80%FN1100%, 43 3lic A
MOU100, M20U80. M40U60, M60U40, M80OU20 .
M100UO, /N4 K ZE B A L 225 kg-hm™, 4
ASREHE3RE SR, BEALIX A HES, /NXTE AL A21 m?
(7mx3m) , &N, JFHRBEAH,
AR AR AL B R IR FE 3t , S0%EFRAE
25%VER N, 25%VEREAL ; fb2#BEL#P,O; 45
kg-hm?— A ; LB AEHK,0 75 kg-hm ™LA
SR SHEAE BT - 1A . AU VE A —
it L ELATATUE Ak 38 B AS P it A2 A I

EBRNABKETEZTFHRIBRANE

Table 1 Nutrient input during the wheat growing season relative to organic manure substitution rate

& N/ (kg-hm™)

# P,0,/ (kg-hm™)

1 K,0 / (kg-hm™)

Ak e aHe e ayue e aHLE
Treatment Mineral Organic Mineral Organic Mineral Organic
fertilizer fertilizer fertilizer fertilizer fertilizer fertilizer
MOU100 225 0 45 0 75 0
M20U80 180 45 0 9 0 30
M40U60 135 90 0 18 0 60
M60U40 90 135 0 28 0 90
M80U20 45 180 0 37 0 120
M100U0 0 225 0 46 0 150

T M: AHLE, U: RRA, B R RR M RE A B S B Z 0. T [H Note: M stands for organic N, U for Urea N,

and the digits in treatments for percentage of organic N and urea N applied, respectively. The same below

1.3 NEERSHE
N I /N XU BN 2 m?, A ] S G S

T, BEFR/ANERE . &/NXBEHLEE0.11 m*f

B, HASAHEE, IFBACRIER R 107X T
ISE P A R T, BRSO BRI TR
H o R AR R B RS AT AR O, 105°C
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FATH20 min J54kLEETS CHEZEHZE Fiim, 435
D Fp R FNFS AT T B B it o AERRRE T &2 % FH R I
Bl (FZ102, ZWrke, KE) BiigfE, 260 H i
T PR RS AT AL AR A ARRSR A AT
JryE U BH,S0,-H,0,0H 4, R HTLRE A
ERF IR, RAMASYL RS &, HX
MG RE VRN B0 i, JF 0 S A R R R RS
FRAL. BEFER G B

20 1 24F 3 56 I 4R 1 F120 1 64F 3 16 45 o 5 R 4R
0~20 cm¥RfE 48, HERH “S” B RELFE,
B /N LASA SAE AR A RES o A 2 Ee = [ AR X
TJE, BrEEsBlat20 HM100 H i, %% AL
Broruk U I E RSB . B A HLRRSR T 5
R Ak LR RUR HH,SO,-TR A Ak 57 3 fift—
LR E R ARWH0.5 mol-L™' NaHCO, 24—
e tyk; #AEI R 1.0 mol-L™' NH,0Ac#?
P—IIACEETHE: . M A KL - 25148
J&, FpHIF (PB-10, FEZ R, fE[E ) % £ 1
pH.
1.4 BEHH

MExcel 20161784l 402, Origin 9.2%K
PEHEATVER . SRFISAS 9.2 1 U2k A
( Generalized linear model ) 3 FE 7T BRI 2 )7 22
O30T MRAE T B BT /NEE Rk SRS FF 37
Sy FE A -

WA E (kg-hm™) = A& (gkg') x T
it (kg-hm™) /1000

Wi (kg-hm™) = Bid&E (gkg') x T
it (kg-hm™) /1000

WA B (kg-hm™) = #iI&E (gkg') x T
Fit (kg-hm™) /1000

2 4 R

2.1 EYBEENEERENNEZITFRZENIT

FI1RE, SHifciime, AHaEERRE
20%M140% , /N4 a B (P<0.05) ;
60% A HLA MR T 5tk A FAH Y ; AL
RAEBEMNERRTHET0%M, RE= &K T Hiti )R
ZALH (P<0.05) . IR 14E, 55 9 1k AR AH
RANVANY 3 S Waas R SRV AEEEE DI ITTNBL S TN
R, BREFLUERMIELER (P <0.05) o KEH

—_ —_ [ [\
[*S] S =)} (=] S
LI A AN A R
®
o

~
—

ZHH7 B Cumulative yield /(thm™)

S

0 20 40 60 80 100
AHEE AR
Compost substitiution rate on the basis of N/ %
T RR/NGFRER R AL B 22 57 B3 (P<0.05) .
T [A] Note: Different lowercases indicate significant

difference between treatments ( £<0.05). The same below

K1 A HUIEHFIR R A FECHE L] R /NA2 4 a ZRU"
Fig. 1 Cumulative wheat yield of the four-year experiment

relative to compost substitution rate

2 ~ 45, NFERERL iR A A HLEE RS
BAEMEREE, 2RE-IJTCTIRMZELR (P <
0.05) , H Ak 2z 2E s/ (K2) .

22 EYEANABREIN/NEFRS RN

G 2 J T R R VR B BB A PL AR AR R Y 4
IR SANABRRTET40%0, ¥
WA E P T151%~17.9% (P<0.05) ; £
MLABIRERKTET60%m, 5 AWE T K
T17.1% ~27.9% ( P<0.05, K3A) . HH¥jtifk
JEAR L, & A PLE SRR T B W48 & 1A
M WERR MR B, AR IR R T 17.2% ~ 38.5%
(P<0.05) , FRPPWERS 77.3%~16.8%
(P<0.05, KI3BFIKEI3C) . A HLAES 1L AE fL it
Ab B R AT BP0 R B PR A I A B Y, (HR
it A BLIE T F ol 0 el 3 T it A S Ak 2
( P<0.05, KI3BFIKI3C) .

J AU R W 20 i A B R A S i 3
TR SAPABRBERTET60%N, FhL AWK
Wi T 1720.2% ~35.8% ( P<0.05) , FEAFMR A
K T16.7% ~ 43.8% ( P<0.05, F4A) . /N
FERLHE . BRI B A B A A DL AR AR R 3 n 2
SeH R RN St LACAE LG, HuiE A HLAE
FR RS, FEAT R A A% A B ) TG 2 2
5 (E4BHIE4C)
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8
2012/2013 2013/2014 2014/2015 2015/2016

6k L L L

. Ly =—0.07x"+ 0.39x+2.51
| R*=0.76

4+ N\@\E - L
[} L
, | y=-001x+426 P=-027x+1.69x+336 | y=-0.15x+0.79x+4.33 |

[ R=0.64 [ R=098 [ R=0095

FPRL = & Grain yield /(t-hm2)

0 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 10

AHLEARRAE Compost substitution rate on the basis of N /%
K2 A A HUIEFI PR A R BC T 5155 /N 22 L i 0 06 &

Fig. 2 Relationships between wheat grain yield of the experiment and compost substitution rate relative to year
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M20
M40
[ m60
b |72
pe . © I M 100
FFFL Grain -~ FiFF Straw KPR Grain FEFF Straw FPRL Grain - Fi# Straw
/N2 B Wheat organs
T AIRVING SRR R AR R B ALAS [R) 2b Bl ) 22 5 3% ( P<0.05) . FIA] Note: Different lowercases indicate significant difference
between treatments ( £<0.05) of the same organ. The same below
K3 AHLEAFEERE T /NP MRS FF AR (2014—2016)

Fig. 3 NPK concentration in wheat grain and straw relative to compost substitution rate (2014-2016)

W
T
[
T

IR N concentration / (g-kg™)
=

¥ P concentration / (gkg ")

FRVE K concentration / (g-kg)
[\

100 20 20
A Imo B c
. _Im20 ab 2
2, U7 M40 L aab
~ 80+ [+ [ Moo . bab ~16F T
i ab 2 Mso 15k o
E . be V00 E | _g ab ab
& & g | M b
< 60} <, & <2t
[0 ?) [0
g | £ 10} 3
[=¥ o =
2 40t s b a2 St
| I : I .
& B sl ey
X 20} T2 ES X 4t
& C
0 L 0 L 0 L
FFRL Grain - F5FF Straw FFRL Grain -~ F5FF Straw KFRL Grain - F4FF Straw

/N A% Wheat organs
Fl4 A HVAEARREER T /N AR RS AR A i (2014—2016)

Fig. 4 NPK uptake by wheat grain and straw relative to compost substitution rate (2014-2016)
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2.3 EYEREBNEBEREMNNEZTEFSINEMN

HE4 aNF LB IIEA LA T, Bk
FAR R A pHI R A LA
AR g (%2) . S8 HLIE bR
M, AUEBRRRERTET60%H, £z LHES

A HIEE 720.3%~463% (P<0.05) , ARHES
TR T1L9M% ~ 4.21% (P<0.05) ; SAHLAZNT
FZ - A U AR A B 3R T 0.5 ~ 3.84%
(P<0.05) . AHLAZINERTHT40%0F, +15
pHIU A B A B AL FREE 55 10,4 ~ 0.8~ ERLAv7 .

x2 ANERTEEBEREXTLIE2R. AU LRSI EMLEPH (2016, 0~20 cm)

Table 2 Contents of soil total nitrogen, available P, readily available K and pH relative to compost substitution rate (2016, 0 ~ 20 cm)

b P TR L HEH MW Soil available L3 A #f Soil readily available +-HipH
Treatment Soil total nitrogen /(g-kg™) P /(mg-kg™) K /(g'kg™") Soil pH
MOU100 1.90 + 0.07¢ 10.4 + 5.9c 86.8 + 4.7d 5.81 + 0.06¢
M20U80 2.09 + 0.04bc 16.8 + 4.2¢ 132.1 = 9.0c 5.81 = 0.0lc
M40U60 2.19 = 0.11bc 19.1 + 3.0c 140.1 = 2.0c 6.16 = 0.07b
M60U40 2.29 + 0.08b 29.9 £ 6.3bc 172.8 = 19.6¢ 6.30 + 0.04b
M80U20 2.34 £ 0.11b 41.6 = 9.8ab 273.8 = 24.0b 6.53 + 0.06a
M100U0 2.79 £ 0.14a 51.5 + 10.2b 413.7 + 3.3a 6.65 + 0.05a

e FAIIAE/NEG FREL R AR 22 573 5. 3% ( P<0.05) Note: Different lowercases in the same column indicate significant

difference between treatments ( £<0.05)
30 @

I 7K A A ) e Al B AR A K A R — i e
IRARTE Yo B A BR AR, BR T K AR R ) B 1R TR
B A B A A AR MR — o A 5 R A
SR HENE 5 b2 EUIE B, R R K A IR A HL
JIE s A5 R AR 2, Ay K A ) R A B R Ak R
PEHIR AR P AR S . ASCES4 afF R R SR
Bl KA AL AE R N20%M40%0], /)
% BB B I A F B T 14.0%H113.5%
(P<0.05) . AHLEBRF60% T /NE BE™ 5N
SR ALIE AL BEAR Y A HLAR IR — P
BF, /N2 ERRAL (B o BAILEARR
BACE T B/ 7 ik 22 S5 W A U0 A8 0 1 SRR
wign /N (K2) o ENANETAPLILE AR
AR 45 T I A MR, (22500 98 A A HLAE fir
o7 L IR R R R G, R AE AR A ], XS AR
SCHEY A HLAE IR S0 25 SR A R — 3. AT mg €
e Lol gp b fe F kR E4 aik IR 45 SRR, SE3A
PUIE R R N30%, BLk4 a/NA a1 5 ik
JEAHY, ALK AS0%, PIAF/NE =g
Mk B RGESE T FERR P S P 2 ik B gh
T, NFE PR RBEE A LR R A3 I 22 A o

B4 FE R S, B A HLIE AR AE TS %I, /)
E e n AN A IR (¥ AR SV E L T E
25 aik IR, 30%A HLAEEAR T I 4h B fil s 4
7o, ELIG 7 A I i 4 S S S S N FRR N, 70%
A LIRS A A B0 — T 36084 7 i i /N, B ZE AR Tk
A b B, i 55 I ) 52 08 7 i o ) S 6 . 4R
T, 7EFR A Hi X Tt K 2 A 00 A B F 5 3%
WY, IR VAR A LIS R KRS P R T
FAAE , A HLE AR KR R R 2
Wi EELENE 4 af5 AR A HUIE KRS 5
HEAL RO AL BRAR S D BT 4G R 0 25 S AU
FERE IR A KT R I F 2 i 1) 22 Stk L, 1 Hik
Ml ) SRS FR B AR T L LR
R B A R, S M WA 4 R R
WSSy, T B K 43 L A PR 3 PR 2 S
T 4 A R R T4 0 RO M IX R K R
FEIX, NERE TR SRR S E AR R
TKREZ, FTRESIE T A HLIE o 0 55 43 B e
18, MRS S Y S RSy, ST IR
L Ok A A HLUIE SR RIBL L F
A AR B - 3 55 3 B MR 5 B 7K A PRI 22 ) A S
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i s e L AP AB R R
40%J5 , /INERFRRIFEAF AR E Y R E TR (B
3A) , HAMABIEILIN60%5, /INEFFRLA
il P W 2R A L AR B 43501 R B 1 20.2% ~ 35.8%
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Response of Wheat Yield and Soil Nutrients to Substitution of Organic Nitrogen
with Aquatic Plant Residue

TAO Yueyue
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[ Objective ] In order to make effective use of aquatic plants wildly growing in the Taihu

Lake Valley, composting is an important way. This study is to investigate effects of using aquatic plant

compost as manure on wheat yield and soil nutrient status with a view to promoting effective utilization

of aquatic plant residues.

[ Method ] A field experiment was carried out for four years successively from

2012 to 2016 in the Taihu Lake region, preparing compost of aquatic plant residues as manure to substitute
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part of the N fertilizer (mineral urea) applied to a wheat field to explore effects of the substitution on
wheat yield, NPK uptake, contents of soil NPK and soil pH. The field experiment was designed to have six
treatments, different in substitution rate (0, 20%, 40%, 60%, 80% and 100%), but the same in N supply.
Grain yield of wheat, nitrogen, phosphorus and potassium uptake by the plant, contents of soil total
nitrogen, soil available phosphorus, soil readily available potassium and soil pH value in the top soil layer
were monitored. [ Result] Results show that compared to Treatment MOU100 (application of mineral
urea alone), Treatments M20U80 and M40U60 (20% and 40% of mineral urea substituted by the compost,
respectively) was 14.0% and 13.5%, respectively, higher in total cumulative wheat grain yield, however, the
increment decreased in magnitude with the substitution rate increasing over 40%, and Treatment M60U40
was even significantly lower than Treatment MOU100 in N content in shoot and N uptake. The substitution
significantly increased P and K concentrations in the grain. However, with rising substitution rate, crop
uptake of P and K exhibited a trend of rising first and then declining. After four years the practice, the
contents of soil total nitrogen, soil available phosphorus and potassium, and soil pH in the plough layer
were all higher than in the control, showing a trend of the higher substitution rate, the more significant,
the increase. [ Conclusion ] In summary, to improve the grain yield of wheat meanwhile maintain the soil
fertility, Treatment 40%, that is, to apply compost of aquatic plant residue as manure to substitute 40% of
the mineral urea to be applied is the optimal option, which can increase yield and phosphorus and potassium
utilization efficiency of the crop, and contents of nitrogen, phosphorus and potassium in the soil, and also
alleviate soil acidification. Therefore, the practice of applying mineral urea and a proper amount of compost
of aquatic plant residue as substitute is an economical and environment-friendly fertilization technology in
the Taihu Lake region.

Key words Organic manure of composted aquatic plant residue; Wheat yield; Nutrient uptake; Soil

nutrients; Soil pH
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