w % B2 W44k 8

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2023 4 8 A 15 H

H &
2013 ~2020 q—:}i(ﬁfﬁ PM2.5'03 {ﬁ%/ﬁ{%ﬁﬁh*ﬂ%ﬁuﬂ[ﬂ%ﬁﬁ ..........................................................................................
........................................................................... HEE, 2T, 5BR, 20, ATH, H0E, Kbk, K314 (4211)
2015 ~2020 4EFRTT O, RS LGB LIET -oevvvvveveeee WoH, BE, BHH, A, TEk, REZ, BEF, FBA (4220)
FE LT ARHEIX O, 15 YRFAE A IR SRR I] T oo evveeeesesesesmsn e MEM, WY, T, Wik, TH (4231)
R =T W0 O, VSRRHERIEH T oo R, OURE, BB, KTR, Bu, BEK, HUE, HT (4241)
SEFBEUAARAIRIETTT M, 1 Oy REBHERIURL wvevreerresssssennsssnnmnniss s MAK, FEF, BE, WEMK, GRE (4250)
HF ISR B ETSRIE L e
................................................ ZAE, B W, ArE, ZEN, aFE, WER, AERE, ¥, TEHE (4262)
TG eI VOCs BT E A TARIBLIGRIM  ooeeeeeeeemeeeneees SRE, EF, A, KWH, I, K, RE, 258 (427)
2017 ~2020 AR ITHIAK TG RM LI 28 ARAURFIETIHT  ooeeeeereeeemsnne WHE, B, FRt, AR, BRK (4279)
BT I L DX K- R KK 28 AR R ORI 28 R oeereeeeeeeeeeeees PLBRR, ¥ 2, AF, AT, WEF(4292)
H PR A HOK S IR T3 s I8 A IR A A B A KR A - Wi, MEE, FE, REF, MokE, KR, KR, THE (4304)
K AR R 2 TR BRI «oeveeeereermmee e %, %Rl RAHE, THL (4314)
T 2 R 2 S TR DX H R K TG e KU T - oeeeeeeeemeeeemmen e xR, Adk, )%]5%»’(/1, ;%;gg, IE (4325)
SRBAT WA RS DRI IR e TRE, £k, HAF, Be, AFW, Kk, THH (434)
FIPETE K B U P ORI AR E v eveeremee oo BUE, HWE, REF (4344)
ST A DL 748 SO AT AT SR G GBI oo RE, tEE, R, ABE, K, ERT KE (4353)
655 DA 2 R TE AT P AR RVET IR - eereereeesemeemseomesssemensecns e X, BE KT, E, HE 4% (4364)
PSR F S 2 B A LTS S 3 IR A TR -ovveeveeeeeeeeoe R, HEH, Kbt BT, 9 (4374)
SFTTBEH A PAHS B9 A1 ST R IPAR oo Rk, Bk, MLX, B, KED, Sl (4387)
T2 X A B TR AL 22 E AR IR AT o vvveeerveeeemmessneme i FERE XK, ARAE, ERA, THEX (4397)
3F APCS-MLR 1 PMF *ﬁﬂ%*ﬁﬁ}qFaﬁi{%/A\i%ﬁ%}%@%tﬁﬂ:&%%ﬁﬁ ............................................................
.................................................................................... BlEd, DeE, UHA, NEF, TEh, 8, DL (4406)
B R DA T S RIS YT SR TRRAT S RUB T «oveeveeereeres e A, B, KR, IAE (4416)
eI Qi S (27 E S e e R R 2 A g ) IE, %%, HRE%, ZER, TEE, H/LE (4429)
B ZEALIE I PUFR R UE R (TCs) 78 LIR-FEHR ARG AT FFAE BB IEAL -+ THA, B, B, RET, RFE, §777 (4440)
$ B 7 S XAMITS Qe AR B RSN Cd | Ph, Zn RBURIRARTE oo BHE, Xk, B, BE, 0F, KR, 58 (4448)
WO SR AT T RAN TR GARMIBI e L%, BYE, AR, TRE, Akk, TR, B& (4458)
il Fe, 04/5,%1;}]ﬂi%b‘éﬁigmﬁjﬁygﬁmﬁmgim%u@ ..........................................................................................
........................................................................ EEA, BEM, THE, THk, WEE, REX, £ UE, THH (4468)
A S ST YRR LI TR B oo KW, 2B, R4, HER, HAH (479)
ENEEN st/ o0 kAR S B L2 T Y, R, BB, REA, 2R, FH (4489)
BT 4E A Wy e B LR RN 7 L-38ep Ph AL AN - KR, 3REZ, 204E, KEX, MFEK, RAS, RB#, T4 (4497)
M s R BB S e A IR LSBT AN BRI REE HURIMR -ooveevvereneeeenenenes BR, A6, B, B, HEE, AWE (4507)
B A SR T B TS =R SRR BRI -eoeoeeeeeeeeeene MR, ER, WM, RER, BE, LR, MEE (4519)
AP AR 3 Mo 2848 20 T IR B v vee e eemee e WRAR, B, T, X, &Y (4530)
MR e L A ) S R AN T S S BT AL oo Hird, Wi, AT, BE, LR, TFF, W (4541)
TE YR RN 2 W 5] 25 B A R A AT v eeeee oo KR KKE, KB, BOUR, BREIE (4554)
ME VA HILAE it A ¢ 6 KR s - S8 S B AL S0 SR AL BRIV KRR oo BE, I7F7, TRE, BT, B (4565)
B T WA FAE A R B A B R R 2k S e i) oo XAE, EHER, WA, Z4H, TN, HIF, KE, 7 HK (4575)
BORKEE B RN EEE b SE F RN BRI B oo WA, i, kT, £ (4585)
BT TR S 175 SR IRALBUBI AT -oovvvveeesss e Wotk, EMH, 24, 2TF, [T+, REE (4599)
- A 2 ) R S A e T - S TR 2 B RIBE A I TR UL woeevvvee e
............................................................................................. ERE, REE, FN, TE, FF, k5L, BEYE (4611)
F [ IR I R AR G I v veeevveevemmee s e YR, EM, 2, D, BRE (4623)
LT BRI HE A (3R 2 BUBRAMEEHLE] - oovveeerrere e, ST, KA, B4, B, HE, HEE (4637)
A IMGHESEHE T AT 254 A DR I LS LB A5 RV ALAMT oo AEE, £, &k, K%, KE, 2, B (4647)
HE P IX 215 5 R AL SHRAE R ATAL - vveeee e W, EFA, EHR, K&, FIRA (4655)
TR A A B R SRR S AV AL oo SR, AE, K, P, R (4666)
UAZ AT VU1 SRR LA LB S AL AR RN oo ELE, RMA, B8, F0U, KUk, 22F, £0F, FEAM (4679)
[ K b7 T PR O AL S R SR TS P 5 BRI oo
------------------------------------ e, T4, RS, BRE, D MAK, AWAT - BRLE, AT, EREA, SHIE(4689)
IR TR N T 13RI S R B A L2 A AR B BAII veevveereee s
.................................................................. R, REY, 2T, BTk, han, TEE, B4, B, TEE (4698)
R S 2 ) M B AR BEREE v ovveenevnesssnnie B, BB, SRR, MM, D%, EKH (4706)
B T SR N T S aTE ey 2L T Qe BT, DAE, hAF, REE (4717)
R L B TR B AT BT IT IR +vveereee et
...................................................... kAT, NER, L, REX, TLME, %%, €580, 2%, BNF, i (4728)
C DS DR s 1€ Z TRk ip AN i S Aok, Rk, 240, BEM, KES, 2E4, BT (47142)
B4 B A TE AT TR LK A BIIITHER  cveeeverermr e B, B, P, RAL (4751)
Z BB Y RS RS SR TRALAD B RAPHT v eevveerreeree e i, T, BREE, HEW, B (4764)

(HEEREVIEIT R H(4230)  (BRIERM)MERIRING (4303)  {55.(4506, 4678, 4741)



J'E!.
A= £7 N = 5443 B8] 20234881

Eco-Environmental

Knowledge Web Environmental Science Vol44,No.8 Aug.,2023

1Y B R = e e 2 0 7k AN FE FFEE N 77 3 F b 1 R AR A
5 XU ke

*ﬁ{i%]ﬁ Xlg/ﬂf‘] 5'%{':'$1 3 , /\'—‘—»] 4 jzvﬁi 1 f:.—‘ H] s

(1. VHR R IR IR~ BE , IR 4007155 2. q@ﬂ%mmmmm SFEE, KV 410125, 3. Rig Bk MR, %
=W 222399; 4. PUJIAML RAEGERAERE, A 6111305 5. HEIFRLABEK FIFEBLES L M F 5 EREEMTE T, E8  610041)
WE. L6y Ed Elﬁr‘ﬁi{ﬁm@i%%%#ﬁﬁﬂﬁ 2 = e R X A AR A5 RIS Y i TR B S PR 2 — | SR B B R it 4
i) e SR AR A SR X AR SRS Y B B AT A L. DU YR N IFIE X 4l 3 a (2018 ~ 2020 4E) K ML
5 R EATAL(CK) | WAL (CF) | Akt (OF) | AWk + AL A 15% (BF) FAS AT + PEALAGE AL i 15% (SF)
X5 AR E SRFER AR T SR R AR (0 ~ 20 em) FIEAT (20 ~ 60 cm) i g LA IEAT W I 5 PEA . 455 %0, it
Ay /b T 58 8 - Bk v B A R AR M A B, (BN TR R 2. R AR R IEBEIR L (PO, T -P) | & BE(TP) A
FASHE(PP) BRI & L BF AbPRIR 5, SF A5 1%, A5t T A EIGE i i i 2l 3 T CK 402, H PO] ™ -PAN TP i 2k 38
B L) BF Kb 75 (213. 88 g-hm “2F1694. 54 g-hm~?) , Hik ly OF F1 SF 4LBH. TUA /0 (RDA ) 45 361, LS G STE il
A W it FH e s B AL A I 2 1Y R B AE ) s e R iﬁ%qj{JIL/JILQQJ\_E%%%”Pﬁlu@eﬁlb%ﬁﬁﬂigﬂimﬁ’ﬂr]rl% ﬂﬁﬂlﬂﬂﬁ@ﬂ—ﬁ@ﬁ:
YRR AP AN [ R 2 0 /A0 5 €5 b i 7 0> ik 5 i A2 A D K 3, WX ) i K 7 i %*ﬂ%ii%fw' HcETZﬁ@HE

AL BREIC A3, [T IR, A 25 RIS T2 S o 4% €0 - gl b S v 7 0 DXL £ 5 Hﬂm%ﬁ%ﬂﬁu e aa
SEERR B BB AR FRF, SRR, ORI HEh R
HESES: X52 Scf’ﬂkh\ W A XEHT: 0250- 3301(2023)08 4541-13 DOI. 10132275t hjkx 202208088 o ~

Blochar or” Sbraw Substltutlng Cpemlcal Fertilizer InCrease the* RlSk of Phosphorus'

Loss in Subsurface Runoff in Sloplng Farmland ! i b : -
LALJiaxin’ *, DENG Hua', ZHU Hao-yn'*, HUANG RongW LONG Yi*, WANG Zi-fang" , GAO Ming'*

1 Coiuege of Resources and Emlronment Southwest Umverblt\ Chongqmg 400715, China; 2. Institute of Subtroplcdl Agriculture, Ghinese Academy of Sciences, Changsha
410125 Chlna, 3! Agriculture and Rural Affairs Bureau of Donghai €ounty ,'Lla{lyyngang 222399, China; 4. College of Resources, Sichuan Agricultural University, Chengdu
611130, Ehifi; . Institute:of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China)

-

Abstract ;' The purple soil slope farmland is an important agricultural land in southwest China but is also one of the main sources of agricultural non-point source pollution in the
Three Gorges Reservoir area. Taking reasonable measures to control the loss of soil nutrients is of great significance to the treatment of non-point source pollution in the region.
Here, a three-year (2018-2020) field runoff experiment was conducted to monitor and evaluate the phosphorus (P) loss in sloping farmland via surface runoff (i. e., surface
flow, 0-20 cm) and subsurface runoff (i. e., subsurface flow, 20-60 cm), with five treatments including no fertilization (CK), conventional fertilization ( CF), optimal
fertilization (OF), biochar combined with 85% of OF (BF), and straw combined with 85% of OF (SF). The results showed that fertilization application reduced the
sediment yields and surface runoff flux but increased the subsurface runoff flux. The total loss flux of phosphate (PO}~ -P), total phosphorus (TP), and particulate
phosphorus (PP) in surface flow were the highest in the BF treatment and the lowest in the SF treatment. All fertilization applications increased the P loss fluxes in subsurface
flow relative to that in CK. The highest PO; ™ -P and TP loss flux in subsurface flow was found in the BF (213.88 g+hm > and 694. 54 g-hm ™, respectively) treatment,
followed by that in the OF and SF treatments. Redundancy analysis (RDA) results showed that surface runoff flux and biochar application were the main factors contributing
to increased P loss in surface flow, and subsurface runoff flux was the main factor contributing to increased P loss in subsurface flow. In summary, the SF treatment reduced the
amount of sediment yield and surface runoff flux in sloping farmland of purple soil and was the most effective for controlling P loss, whereas the risk of subsurface runoff flux
requires further attention.

Key words: phosphorus loss; sloping farmland; biochar; straw; Three Gorges Reservoir area; surface flow; subsurface flow
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Fig. 1 Schematic illustration of study area location and the experimental site of runoff plot on sloping farmland
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Table 1  Basic physical and chemical properties of soil
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Table 2 Fertilization and planting harvest information in different treatments
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CK 37.21 £4.0Ab 143.32 +59.0Ab 89.62 £6.5a 14.89 +£3.6Ba 36.27 £4.7Aa
CF 117.42 +7.4Aa 243.09 £32.6Aa 105.15 +48.3a 26.42 +£8.9Ba 63.70 £9.4Ba
2018 OF 107.81 £10.9Aa 262.01 £37.2Aa 130.90 +£70.2a 15.97 0. 1Ba 43.04 £10.7Ba
BF 108.12 £22.4Aa 294.98 +32.8Aa 132.00 £104.3a 17.27 £2.5Ba 43.53 +17.1Ba
SF 28.81 £2.8Ab 71.39 £14.7Ab 21.57 £4.0a 19.51 £8.7Aa 54.85 +£7.3Aa
CK 52.92 £17.8Aab 281.55 £26.1Aa 228.62 £16.5a 20.81 £4.3Ab 40.90 +4.4Bc
CF 57.11 £12.2Aab 217.83 £25.5Aa 159.89 +19.9hb 25.52 +10.3Ab 39.74 £7.1Bc
2019 OF 27.33 £5.6Ab 105.85 +16.6Ab 78.52 +13.3¢ 61.91 +18.0Aa 90.93 £12.3Ab
BF 71.44 £12.0Aa 272.26 £45.5Aa 200. 83 +20.6a 77.07 £16.7Aa 111.62 +14. 1Bb
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BF 180.78 +10.6Ba 596.81 +76.8Aa 358.83 +£89.2a 213.88 +0.1Aa 694.54 +23.7Aa
SF 52.47 £5.0Bd 154.06 +22.2Ac 63.23 £10.7b 134.59 +26.8Ab 601.31 +6.3Ab
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Sk

Ffy BiH CK . CF OF | | BF § 'y
o(TN)/g-kg ™! 0.40£0.03b | %©0.56£0.05a 0.50 0/ 05aby +~ 0.57 £0.06a 0. 60 & 0=06a4"
o(AN)/mg'kg 7! 40.10 42.83bc | 43.77 +1al7ab 3458 +B.38c ¥ 47.45,44)00ab 4929 +2,92a

e @(NHg fﬂl)l/mg‘.kg-l 1.7220.07¢) / £.230%0.13b 1.94 £0/19beg® |, 2.4.40.32b 4.5120.254

' w(NO; N)/mg kg™ 1.04 £0.20d'/ j’ 3746+ 0. 20¢ 6.35 +0.54a 47820, 41c 5:04 £0-16h =
w(TP)-/fg:kg_el 0.29+0. Gi-ah_ /7 0035%0.01a 0.31 =0. o?a 0:31£0.03a 0.31 0. 02a
w( AP)/mg kg 3.09 £0.01d /) 515 +0.25¢ 3.51/x0,314 6.79 0. 80b 8.48 +0. 52a4
@(TN) /g-kg ™' 0.43£0.02b" | 70756 +0.08ab 0.48 +0:04ab 0.67 =0.08a 0.62 0. 06a

7 LJO(AN) /mE-kg ™! 37.27 &2.03a 30.83 + 1£94D 24.73 £72. 34¢ 35.2 2. 47ab 37.96 2. 4a
sofo | @ONHE-N)/meke ™! 2.470.235c 4 120£05Hd 3.24£0.17b 4.16 +0.26a 4.05+0. 13a
"8 Jo(NO7 -N)/mg-kg™! 3.13 £0.20c 57537+0. 3% 3.00 0. 11¢ 4.63 £0.28h 5.13 0. 17ab

M w(TP) /g kg ! 0.56 £0. 04b 0.70 0. 10ab 0.78 0. 04ab 0.78 =0. 11ab 0.85 0. 06a

" w(AP)/mg kg™ 3.21£0.17¢ 5.98 0. 62b 5.78 £0.57b 8.84 £0.27a 9.530.91a
(TN)/g-kg™! 0.42 0. 05a 0.53 £0.05a 0.53 £0. 04a 0.72 £0.05a 0.56 +0. 08a
(AN)/mg-kg ™! 46.44 + 1. 4a 55.20 £2.27a 49.09 2. 12a 58.73 £2.34a 62.11 £2.17a

o @(NHY N)/meekg ! 2.67 £0.31b 1.49 +0. 13b 3.13 0. 25ab 4.93 £0.29a 4.41£0.39a
(NO; -N)/mg-kg ™" 1.97 £0.38a 6.25 0. 55a 3.57%0.31a 6.19 £0.27a 5.57 £0.31a
w(TP)/g-kg ™! 0.54 0. 09a 0.92 0. 08a 0.81 0. 04a 0.83 0. 12a 0.95 0. 23a
w(AP) /mg-kg ™! 3.06 +0. 15¢ 4.43 20. 16¢ 4.53 £0.23be 5.76 £0.42ab 7.33£0.29a
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