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Investigating the plant interception technology system on wheat—season farmland nutrient loss

LIU Hong-jiang, ZHENG Jian—chu, SUN Guo—feng, SHENG Jing, ZHANG Yue—fang, GUO Zhi, ZHOU Wei, CHEN Liu—gen”

(Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences/Key Laboratory of Agro—Environment in
Downstream of Yangtze Plain, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: An ecological pond was built to collect lost nutrients from the wheat—season farm outfall, and vegetables were planted in the
pond to explore a new strategy for reducing agricultural production pollution and improving environmental safety. During the wheat season,
overland runoff occurred eight times; The total farmland overland runoff was 1 119.0 m*+hm™, and the irrigation—drainage cell area was 5.2
hm’. Two fertilizer practices were also investigated : the farmers’ fertilizer practice(NN) and an optimized fertilizer practice (EN). Overland
runoff losses on NN farmland were 4.5(Total nitrogen, TN ), 0.5(Total phosphorus, TP), and 4.0(Total potassium, TK) kg-hm™. Overland
runoff losses decreased on EN farmland; with 3.9(TN), 0.4(TP), and 3.8 (TK)kghm™, respectively. The total overland runoff losses were
23.3(TN), 2.4(TP), and 20.8 (TK) kg. Celery and ryegrass in the ecological pond intercepted the N, P, and K farmland nutrient losses
(18.0, 1.9, and 22.0 kg, respectively), accounting for 77.3% (N), 79.2% (P), and 105.8% (K) of the irrigation—drainage cell inflow. The
scaled ecological pond to farm proportion was 1:43~50.

Keywords: wheat season; nutrient loss; ecological pond; biology hold up; optimized fertilizer practice; runoff; nitrogen; phosphorus;

potassium
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B E SRR TR E WA RT3 I 00 EE R PR n]
R, A K TR A 2 I, 2016 4E KK A A L B
W EE WA BRAE 7 T, 7390 R 4.13 mg- L7 F10.255 mg-
L0 KA B BBV B 4 R 2.5 mg - LA
0.2 mg- L2 YK 8 V2K AR, J8 T ™ B br .
i , e EWA KRR A —F LR A
ARV, Ay i v R, R b DX o v e e Y
Jiti & A 270~300 kg - hm ™, S8R H AL HE S A
21000 kg hm™?, 35 1 (19 B FE A ZUIE A
FHAR TG, 30 25 (i R0 3o b A2 0 S AR 0E AR B K
A, X6 A2 A IR i AN R B, B A K AR T e g
VYRR, BRRK S ST KIS B Y R R
A HH A RAR TR K 0 18.55~78.22 kg - hm ™2, BB 12
Ve B 7 0.70~2.46 kg-hm™, T HEZS 2507 51350 b
DX 8 BF 5 3R B, A 22 0 A A T AR OB U R 1o
45.27~101.38 kg - hm™, B Ui 2% 42 4 0.30~0.61 kg -
hm™,  H AT AR BRI 5 1R KR & 8 IR et
SO I o AR A TA R W B K AR v 2 55
FAWIRE SR KA 2 — B A s B SR
PRI T AR L S 7K S5 K A A ) ok R B K A4 R
Sy TRFFE AGE 55 2200, T 3 A AR AR FHHE K V8 B oK g
B0 A I A R B Ak A IR R KA DA
g 2 X ] L K AR B 855 52 i) 7 Bt 9 1 3 A X 5 /D
AT AEAR I HEZK 18 S A vt e A AN, 7 /N2 2R
B E A TR F R R K AR SR A 48
MEASTR] K AR R () S5 A A0 , 118 17 B A A 0 i 4k
AT SIS 27 HE B AR EC EL , DATN GRIE 2 X
NG A PR AT SR e R A AR L T R T Y SR P
WA

1 MREFE

1.1 X6 i

AR T 2013 4 10 H —2014 4 6 HFETLH A 756
T B S I A ARl s Pl SR H (31°27 N, 120°
25'E) WAy, iz X s T B 2 R AR R
KEE 1100 mm 247, AP 30R 15,7 °C 48 H BRI (]
KT 2000 h, TR HIR T 230 d, BE 7 LKA
ZNA AR, S2E SRR AU e A, iR
EPERT: BN 1.7 g- kg, BN 45.8 mg- kg, & P
0.41 g-kg", AL P 16.6 mg- kg™, R K 161.4 mg -
kg AN HE 1.25 grem™, ML 23.6 g+ kg™, pH 6.8,
1.2 #ikar et

AR LA /NS AR P HE IX Ry FEAC BT, A% ]
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U 5.2 hm' Horp /N2 2R HH R B A it IE K P«
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82.5 kg-hm™, N JEFEE 44 19 IE B = 6:1:3,2013 4F 11
H 14 Hti3E0E , 2014 453 A 8 Hti4k 172, 2014 47 4
A5 Hiti B, P UK B 43 AE Ry it , B~/ X
IR R 0.2 hm? ;@4 B Bt AL K F- (NN, fifi N P K
435124 270.0.90.0,90.0 kg - hm™, N AEFEAE : 1% 75 AE -
PRATIE  FEAE =4:2:2:2,20134F 11 H 14 H it 208,
201442 H 10 Hjifi iR 7 A8, 2014 4 3 F 8 H fiti gk 15
B, 2014454 A 5 H it BEIE , P K B 435 4E b 5208 jte
FH LA Y40 B e RO AE > I b AT e k2 25 . I8
I3, B/ N R 42 16, T 20134 11 H
14 H 3 o 300 7 XA Fl, 508 B 667 m® 12 kg,
TERE T /N2 04 TR B 40 FEAE 6 | — ZR K AR RS AT 4
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Figure 1 The cross—section structural sketch map of

ecological pond
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350.0 m*F1570.0 m*, B3 NEE . KT RABLZ L
T BN P K i 440 112.5 kg-hm™, M908 5K 45 41
SEM RIS, R AR A B I A XY 2 T8
3R 27.5% . 11.6% . 31.3%, % AT 54, I A 7% 43
F2 TR 0 T it v S Y4 ZE A 0 W MR 7 NP UK 3R
Iy 2.8.1.2.32 kg
1.3 MEmME S A%
1.3.1 ZFRHAER AR

2 Z AR Uit A R S Sy S 2, 75 3 4% HH AR T A R
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AF SR O R I 2 AR AR R, IR SRS /N X K AR KR
af, PEAR TR BT P B4 B BOK FE 8~10 1K K B AT
A e Bl RS 0] 5206 2 U 7K AR NP LK

4 N BREREH T 120 C il & 30 min J5 , 5540
Ay FECRETLIE 5 45 P+ 58N B0 5 o vl o 5 4
K s KGR 7
1.3.3 SOt A et KRt

201444 H 25 H A 25 5 HhAE &), 43 J3) i
TR o FhAE R B, A B4 47 (4 B b 28 HaSO4-H,L0,
HEE, TN P K&, N RS i ik
W7, PR BT L I A, KR M B
M,
1.4 it

K SPSS 13.0 B HEA T 523140 MT , 2R FH Excel K
TR £ b 38 bR F e/ S 35 1 22 5% (LSD)
e, ML 3 LSDoos (B LSDoor ) 7K - AR A i 25 (B
),

2 HRESH

2.1 EFREAFSTHENE

AT EEAREHE R OCAR T AR 5.2 hm’,
o DAk AE A T AR 0.6 hm?, 25 N P K AE i ]
005 °h 144.0.36.0,49.5 kg; 4 > 185t JE A 1 1
4.6 hm?, 22 N P K B Jiti F 0 51l 1 242.0,
414.0.414.0 kg FENREHERHITEZ R H N (P K IE
AT 1386.0.450.0.,436.5 kgo
22 AEEBLEZEZERAFSRRIE
2.2.1 F A H AR

2 7R H R AR K i B S SRR an B 2 i .
P P& 2 AT, 2013—2014 4 i 27 2ok AL & A 8 Ui
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Figure 2 Variation of overland runoff in wheat season

A2 A FA), k%] 376.5 m* - hm2, X 7] GE 5% B
() 8 W e R e 22 A R R AR b R AR T I
AR, ZE Rk R R AR KN 1 119.0 m’ -
hm™,
2.2.2 AN[RlitEEARFRAZ 24 FH b FRARTE A B N i i
77 25 A HH b SR A% i /KA L NI 2 o 1Y) A8 fb R A
WE 3. HEI3 AT, 22 Z2 4 R AR T K AR B N
T A R B H BAE 2 F W, 1R AE NI it FH R
foi A DL SOz e Be R i A FAE A R . a2
A B 8 YR b FR AR T, AR IR 2 B I A HH b AR
TS N R Tt IE A 1, e it o Br 4
R A PEE] ) 22 5 2R B B EKV . EANE
Z R I ) B AT AR FH B 2 428 U K A4 L NI K i
4549.3 g-hm™?, FLIGALIEAE A FH £ 667.5 g-hm™, 34
H17.2% ASTEHERITA H H FRAR KA B N 2
HF23.3 kg, HEENELSBEA TN 1.7%.
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NN and EN, means farmers’ fertilizer practice and optimized fertilizer

practice ,respectively. The same below
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Figure 3 Effect of overland runoff loss of total nitrogen quantities

under different fertilizer practices in wheat season
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2.2.3 AN[aljiti AR AL FRAZ Zof HH AR K AL PR 2

2 2R HH Ml 2 A% Tt 7K A L Pt 2K it i) AR Ak R A
WE 4R B 4] A, 22 284k 3248 I K M40 6
PR EEZ M BAE 1 A IRAN 2 A 91 &L IR £ A%
W, AN E T B PR RN 56.5%. FEZ TR AN
8 UK HbFAR I, A IR >0 M it A P b A% I 7K A4
PR E B BRI G it o i 45 S 3=
B, A B E] 4 22 5 2 R TR ) i B OK O . AN NE SR
A R 2T IE A& HH b 428 0 K AR L P 2k 1 Ry 455.0
g-hm™?, lLARALHEAE AR H £ 20.8 g+ hm™, 315k 4.8% .
AHEHE BT AR H b AR KRR PR N 2.4 ke,
i 2 Z PSR A RN 0.5%,

1651
132 1
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HPR
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33T
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Figure 4 Effect of overland runoff loss of total phosphorus

quantities under different fertilizer practices in wheat season

2.2.4 AK[EfEIEARIIEE ZeAk b FRAR TR AR K K i
22 7R HH M R A58 T K IR B KU 2 1 1 AR fb B A
WE S P B S AT, 22 22k b 3R A8 T 7K 40 6L
KR 277 AR A~ e, 55 1 e et A 1 7 I3 2
AW LA MR bR, AN ET KRR EN
50.9% . X 37 H KB I DA 2 32 i) B g o g A R A
[FIVE RS S 58 2 g th e 3 H BB,
FT KRR RN 21.9%, F 2R PR X — I ) B
BT FRLERE LRI R R . HEEFERAM IR
AR, A B 2T M5t A A FH M A% i /K AR KO
I AR R TG A AR L, Gt a Mt SRR
Hor 4 RALFRIA] Y 25 SR BB E Ko AN
B > 0 il A A FH s e A2 T A R B K 2k i 4 033.5
g« hm™, F A Ak it JE 4 H £ 268.8 ¢« hm™, 34 1iF hy
T 1% ASFEHE R ICAR H R A2 KR R Kk ol
20.8 kg, i 42 2= K A 4% A/ 4.8%
23 AEMMESEHEDHNENEMNPKEE
INZZRE RN, FE AR A S YRR K T SR AR S
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Figure 5 Effect of overland runoff loss of total potassium

quantities under different fertilizer practices in wheat season

RS B8 350.0 m? 1 570.0 m?, £44% 2 Z ok H
KI5 EBTER IR LAY o0 A A 6 F R .
FRor A ) S A A W RN SR A i
TR S RN R 2 B 2T B 43 51 163.2.961.6 kg
N.P KF#4r B 34 20.8.3.1.252 kg (£ 1),
24 EFEREARRFESEYEBIRSHT

AVEHE TR MR AR AR SN P OB KR
Sy 23.3.2.4 .20.8 kg (K 3~1K 5) , L Aol rh
KT MBEFN P K IR HE %5578 208,
3.1.25.2 kg (1), 75 40 £4 A0 9 R oA 400 399 9T it 1

Figure 6 Plant planting distribution in ecological pond

R ESEPFLSEEEVEVENFS S E (k)
Table 1 Biomass and nutrient accumulation of nutrient

intercepting plants in ecological ponds(kg)

IKLEHY) ER7/hy

Aquatic plants  Biomass yield N P K
KT 163.2 3.0 0.4 4.3
R 961.6 17.8 2.7 20.9

&1t 1124.8 20.8 3.1 252
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JIES v 24 2 g 0 AR FH A NP UK R R A O 2.8
1.2.3.2 kg, Pt AR 25 30 il 400 5 B 2 0 22 2R 4k 0t
Je NP KFiAr 4094 18.0.1.9.22.0 kg, HHYIF
A3 PR A o AR HE HE PR T AR M R AR U K AR SR 4
S 77.3% . 79.2% . 105.8% , b, MW £280 1
LR FES R T RB R KSR, vTREEE N AES
I - S R RN P ) B T 2 R R o3 A W R
FH 5 AR A8 BT 2B 28 05 FhoRE 0% 7K R 3 R 22 B
PROCR IR R Bk B M T e B R
(1) I %

ST, A TR AR R R NP LUK 3R
Iy BYRE ST R 194.7.20.5.239.2 kg-hm ™2, K>
Ut AE A FH b 2648 T K BN OB P LR K 2R 40 3
4 4.5.0.5.4.0 kg - hm™; 5 Ak Jite JE A& FH M2 4% 3 K 1A
MNP EK YR 51 3.9.0.4.3.8 kg hm ™ (4]
3~FE5) o HHEN R, AR A IE A H ) T A L B
h1:43~50; 4% B P 20, A= A IEFNAR H (%) T AR G 451
H1:45~47, 2 b AR YRR AR W TE AR LA DA 1
43~50 MHE(F2).,

F2 AEMEELAENAES ESERRE IR0
Table 2 Effect of different fertilizer practices on the area ratio of

farmland to ecological pond

NN EN
N P N p
WY TR AE S/ (kg-hm™) 1947 205 1947 205
A H IRk 5/ (kg hm ™) 4.5 0.5 3.9 0.4
A5 AR B R L 5] 1:43  1:45  1:50  1:47
T NN FEN 2351 27 4 R 2 WU S Fn A AL e A

Note: NN and EN, means farmers’ fertilizer practice and opti-

i H Ttems

mize fertilizer practice, respectively.
A A
3 iTig

AR FH b8 A8 T 97 43 U AR e R e I it AR R o L
R 3 AR AR 5 2 B AR 2 A [ R AL
VR R AS A . i s i SR R R 2 WY, KA it dul A
A MR N 10.1~21.3 kg-hm™?, FHZS R
TR, S U 22 AR AR A 22 e R A it BV AU
I3 B 42.3~74.8 kg - hm™, B i 2 4 0.041~0.110
kg-hm™, AHFFEZE R RI AR & 150 NE A FH H 2%
BB N P S KK 50 4.5.0.5.4.0
kg - hm?, & H A2 N P UK 2% it/ T8 A F
FELE I X AT RE S A ST IR R R G, BeAk,
ARG G 7 [ B 2 5 R AR AR G B A D, A R b
TR RN AR IS G RRN N LT
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FH M2 A2 T N P K P 2K A/ B 2 I A

S JK R R R FH 8] S5 08I0 5 v 0T 5 A HH M
BRIMIR IR, R R R EAR I Y ERER
TR 2R 5% , FHZS ORI kB, 50 I 1l 22 A
FAEAR R AR R R AE 6.0% 2 A7, B IEAR i 2% 2K
FE0.5% fidi o ASHIEFE S 53R BH A [ i AT A AR 2
W A HH 27 28 R A0 U R B LB S SR I R
MR 1.7% .0.5% . 4.8% , 4% I L FRAZ IR0 0 K,
SRR R IR RART RIS R X TR
F T AT 0 2R R R R AR D, (AR AR b R AR I
RN

H AT, T R F2 0 1 R B oy 32 24
PR DS B HER A TR B VA B R PR T T, axX g
WF5E AT DATE— @ R B sl 1o s g, (HX 2 e bifi A
L IR AT i N BT IR o B 2R A TR KA A
AKHT HEE ZE A SR N R SRR A T E
KA & TR AR TR 43 C A AHCHIFFER, (H X A4
iR T3 8 PR A B 3L 2R e TR ) S 50 A 4 1
o ARG I R A A FHHEZK C3 0 A S R
FEAE L PR AT MR 2 B PR I 3R
4, TSR 4 & SEAE YOI A H R, SRk 2k
FRATHIPEER R . AHETR 25 W], B7 T B P 2
AR H 2 NP LUK F2 43 1 BE 14393 24 194.7.20.5
239.2 kg+hm™, & H b A2 K AEL N LB Pk )
K 3.9~4.5.0.4~0.5 kg-hm™. [H I, A= 25 305 1 1
(T AL EL B L 1:43~50 F B . A RFR 40 & LY
FFH I 7 45 54 55 SCalaE .

[l ) AR5 38 26 B L SR AL At Iy = 24k
FENEFE A G, AN RE S Bl /D H 3B AR 30 N P K ik
g a1 HRE A /N 22 7 o A RS i (45 H0K ) SOk
) o A FHARIE 18 A o it FH 2 2 A R B S R )
Wi b, 3% A58 U KR T 2R, T AR Ml 1T R T Y i
PRIPST - AR5 38 2o I Akt AE =68 Y0/ 22 2k
AL R 5 AR, A BRGEA T AR S 2 | 16 R FEARAE Y 7
S A E Ul A R IR A A T AR ke ) A
BIBEETT, v] Ry S IR ARl o] sk & S 4 i H R
TF

4 it

(1) 7E AT M DX /N AZ 2 FH HE 7K 78 U2 R it 5 B A
A I e P B KO SN A ST v 2 IR ) AR
Yy, RENS AR A7 H M R AR T I O R 7 40 8 75% , 5
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RO A TR TS G

(2) TR 3 R0 B2z B R b DX /N Az 2ok H
FEO AR T, TS, AR AR Sk A TR L A5
BB DL 1:43~50 47H.,

S 3k
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