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Abstract:  Objective Citrus production is one of the main income of farmers in the Three Gorges Reservoir area. The loss of
nitrogen and phosphorus caused by excessive fertilizer in the Three Gorges Reservoir area presents negative impacts on the
aquatic environment. ~ Methods In this study, sandy soil citrus orchard with natural grass mulching was chosen. The amount of
nitrogen and phosphorus loss from surface runoff and leaching was observed for two consecutive years by plot experiment at six
levels of fertilization. The pathways of nitrogen and phosphorus losses in the citrus orchard and the effects of different
fertilization levels on nitrogen and phosphorus losses were investigated. Seven treatments were set in the experimental plot, with
an average row and plant spacing of 4.7 m x 3.4 m; with no fertilizer application (T1) as the control, the application rates of
nitrogen, phosphorus and potassium fertilizer for the T3, T4, TS5, T6 and T7 treatments were 1.67, 2.33, 3.00, 3.67 and 4.33 times
those of T2, respectively. During the growth season of navel orange in 2016—2017, rainfall and atmospheric deposition of
nitrogen and phosphorus were monitored. Surface runoff water, sediment, and infiltration water were sampled for total nitrogen
(TN) and total phosphorus (TP) content. =~ Results  Under the ecological protection mode of grass mulching, the surface runoff
and soil erosion were effectively controlled. The main pathway of water loss in the rain-fed citrus orchard was leaching with a
low coefficient of surface runoff and weak soil erosion. During the study period, the rainfall loss by seepage accounted for 48.9%
of the rainfall, and the surface runoff only accounted for 1.73% of the rainfall. The amount of fertilization applied in deep furrow
had no effect on the amount of nitrogen and phosphorus loss from the surface runoff. Leaching was the main pathway of nitrogen
and phosphorus loss. The average leaching loss of total nitrogen and total phosphorus accounted for 99.0% and 76.9% of the total
loss of nitrogen and total phosphorus respectively. Also, the amount of nitrogen loss (v) by seepage increased with the increase of
application rates (x), and there was a significant linear correlation between them (y = 0.35x-5.77, P 0.01). However, no
significant correlation existed between the amount of phosphorus loss and application rates (P = 0.05). Also, only a small amount
of phosphorus can be leached to the bottom of the soil after the roots uptake and soil particles adsorption in up layers. Moreover,
the residual phosphorus in the deep soil, after deep plough before citrus planting, had an impact on the leakage of phosphorus.

Conclusion The problem of nutrient loss, leaching nitrogen loss in citrus orchards, in particular, should be given more
attention. To reduce nutrient loss and achieve efficient utilization, nutrient management should be further optimized.

Key words: Sandy soil; Citrus orchards; Nutrient loss; Pathways of non-point pollution; The Three Gorges Reservoir area
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HH 2 . WA MEE AR T =R X R
111 1 A 38 7y BLHDRRAE

T2 0 6 5 AL ATG ot ol A M AR il o 2 TR, A
T 2001 4F, Wl 15 48 AHERHARL TR TR S
SRR, FEPR A TR A2 X TR A RN B
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NK PR BEER AL BN 2 Fias . 2016 4F i T
W e K, Rt g RE, TS5 A
18 Hii AL, T 8 H 28 Hijifi i SR 5L K hE,
S o 2R W 0 b A Ry i T Ak B IR R 75%

2017 4E 43 = UHENE , 4350 A PR R AEF 2 R 52 g
AR, FAERFE S 3 H 15 H. 6 H 15 HA1 9
H 12 H o B UiE AR 3R F T B e 35 7K 2k R 42 78
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TBRE, SATHARARES.
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40 cm ), FE I AH SIS /N DR AR AN ) AR AR ) 3R 55
M, FEE RS/ NXARR; EaE T, 1
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FEAR, NS om REEK, & H THEA N K EIER
HEKFE, e % (TN) Mg (TP) WEIFIT
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K SPECTRUM /A H] ) WatchDog WL ¥l , i
18 VR R 52 ) N 7 AN W5 SO AW 1 8712
KA SR GBI MU [RI TR B 398 % /K i . WatchDog
7K oAt I 43 22 %€ TAG IR T 5 em, 20 em,

F1 HATIEERELMER
Table 1 Basic physical and chemical properties of tested soil
- g SOM TN AN AP AK UM K Soil texture/%
Soil type /(gkg"  /(gkg") /(mgkg /(mgkg') /(mgkg' 2~005mm 0.05~0.002mm  <0.002 mm
HEY 5.3 12.03 0.66 92.05 11.70 48.45 85.30 9.68 5.02

H: SOM RREFHLE; TN RRELE; AN REMMA; AP [CEA U ; AR RFEEBCE . ML R A OG5 95 0 e
( Mastersizer 2000, Malvern Instruments, Malvern, UK ), Note: SOM stands for soil organic matter; TN stands for total nitrogen; AN stands

for alkaline nitrogen; AP stands for available phosphorus; AK stands for available potassium. The mechanical composition was determined by

laser diffraction ( Mastersizer 2000, Malvern Instruments, Malvern, UK ) . DYellow soil.
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Table 2 Fertilization amount in different treatment plots/ (kg-hm )
ab P Jiti A 2016 2017
Treatment Fertilizing amount FC ED Tot FC ED ED Tot
T2 N 75.0 37.5 112.5 75.0 37.5 37.5 150.0
P,0; 37.5 18.75 56.25 37.5 18.75 18.75 75.0
K>,O 37.5 75.0 112.5 375 37.5 75.0 150.0
T3 N 125.0 62.5 187.5 125.0 62.5 62.5 250.0
P,0; 62.5 31.25 93.75 62.5 31.25 31.25 125.0
K,O 62.5 125.0 187.5 62.5 62.5 125.0 250.0
T4 N 175.0 87.5 262.5 175.0 87.5 87.5 350.0
P,0s 87.5 43.75 131.3 87.5 43.75 43.75 175.0
K,O 87.5 175.0 262.5 87.5 87.5 175.0 350.0
T5 N 225.0 112.5 337.5 225.0 112.5 112.5 450.0
P,0s 112.5 56.25 168.8 112.5 56.25 56.25 225.0
K,O 112.5 225.0 337.5 112.5 112.5 225.0 450.0
T6 N 275.0 137.5 412.5 275.0 137.5 137.5 550.0
P,0s 137.5 68.75 206.3 137.5 68.75 68.75 275.0
K,O 137.5 275.0 412.5 137.5 137.5 275.0 550.0
T7 N 325.0 162.5 487.5 325.0 162.5 162.5 650.0
P,0s 162.5 81.25 243.8 162.5 81.25 81.25 325.0
K,O 162.5 325.0 487.5 162.5 162.5 325.0 650.0

HFC AR RN ED XM K, Tot /X3 E# . Note: FC stands for fruit conserving fertilizer; ED stands for expanding fertilizer,

Tot stands for total.

‘ EiliHE
| | Extraction

I 5 mmA7 efip
5 mm quartz sand

0.6 m
20H RN M
20 mesh stai,rhlless steel gauze
0. lfm
| 2 S

K1 BiER R

Fig. 1 Diagram of lysimeter and sampling system
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2 HiR5ihe

2.1 EEERERSEEEAN

ik 7K U e R DA S 1 IR 3 IR Ak A, o
SER R AP R R AR i AL, ABE
JI 1) 35 U TE 2 38 TR B ) 2 E A
W E IR EL . WA, 2016 4EFE/K (3 3) it
Blwm ki, KRR 53.0%; HERERR
i, A FEKRER 1.4%. 2017 EREKBES iR
7 B IK 1Y 44.8% , M R AR TEAFE /K & (5 2.05%.
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FRERMR B A GG ARWAFRERY, Bk
A S ARSI S, WP A B A B R
BB 5 W K ) R R4y, TR LAY S FR R
TARTEET LAEM

2016—2017 AFEBIF 5% 40 A el RT3 0 RN i i
B A3k 38.2 kg-hm 2 1 0.4 kg-hm > Xf F oK A&
ME, KA W IURE R RS 50— 2GR o
T ZEAG PEl, 00 090 A T i 2l i A 2 7% Dl 3R 4 8L
B IR R A — 53 o AR TR 0 A% b B /NIX (T
X BRI A1 ) it IR S2U A R B A 00 A T 262.5~
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Table 3 Water budget of the citrus orchard in the research period

H 4 Rk MR 31194 B
Date (yyyy-mm-dd ) Precipitation/mm Surface runoff/mm Evapotranspiration/mm Seepage/mm
2016-01-01—2016-05-05 283.3 0 169.5 73.8
2016-05-06 —2016-06-05 187.9 0 69.8 104.3
2016-06-06—2016-08-14 679.0 14.1 212.2 453.5
2016-08-15—2016-10-19 19.3 0 103.9 0
2016-10-20—2016-11-18 140.3 5.1 28.3 71.5
2016-11-19—2016-12-31 29.3 0 20.3 0
B Total 1339 19.2 604.0 709.1
2017-01-01—2017-02-19 19.8 0 25.6 0
2017-02-20—2017-03-27 98.5 0 434 30.0
2017-03-28—2017-06-13 284.6 0 181.5 52.3
2017-06-14—2017-08-03 2.6 0 83.4 0
2017-08-04—2017-08-18 76.0 8.9 52.0 3.5
2017-08-19—2017-10-20 408.5 9.2 106.9 255.7
2017-10-21—2017-12-31 11.6 0 39.8 0
Mg Total 881.8 18.1 507.0 395.1

22 MREREABRE

2016—2017 4F LI b 3 P 2442 i K s 1t Rl Ui
o RN 165.9 m*hm 2 Fl 47.1 kg'hm 2, 72
K, PUYEE ., Hedh, T4 M Te & Mk
WEKLZ (F£4), T, T2, TS Ml T7 LR E MR
/N AT, it AR 22 /0 AR AN P VD TR
CL A I 7R, =00 J2E DX S B M BIF 5 ) 7= 3 = b
4398 50~200 m*-hm > 1 10.8~29.9 kg-hm >,
AR T 56 FH b 2 26 R FH 3 O R AR R BT 5 4 R
3, B HER RS R AR AR Y, R
A BIARAER, RIERMEE, ABE,
DLE SR EBE, (H 3 A0 I B A= V0 AR X A A1
AR FRARME T, IR E B RIR, 50 342
WAL REI DK 0%, i HLRREMAFR /KR, 2l +
KA o AR AR AP T 3B K LT, FE
IKREIIR, MK T RIERK R R, S7E8
T AT M S, BB AR .

TR, MERREAFHRAEN 3.8
kghm? (8l 2a), Hbh T5 &R LkER/N, H2.8
kghm?; T6 £AMKR R A, H 5.9 kghm?, 26
SRR 0.71 kghm 2 (& 2b), Hrh T3 1 T7
EWEF AR, T4 EfmAER KA, N 1.03
kg-hm 2, AT UL, it AT R o b B A0 I AR U 2 R A B
Wi AN 82, 33K 5 47 7l A 7 it IS -7 - Ay it AE =X A
K AIEABIMABRGA K, S5REERY], B
IKFNPevh ik A &0 68.7%F1 33.6%; 4
BRI 65.2%F1 34.8%. T, HLEARG KK
RE BRI OB S, 1A WSS 3 b b
FRWF S MR ERENS, RIPEFAR
Wik 55.86% ~ 65.16% , Wi XKL 55% ~
70%2 A Bl S ok, ELRD R e A R
ANBI, WRATES, Pk, Ml
MR8, ARG, R R R AR K AR
AWM R Z, MDA R KWL .
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Table 4 Surface runoff and sediment volume during the study period in 2016-2017

2016 2017
pusiil i FRAR e MR e
Treatment Surface runoff Sediment volume / Surface runoff / Sediment volume

/ (m’hm?) (kg'hm™?) (m*hm?) / (kg'hm?)
T1 106192 22.5+10.3 144+52 22.1+4.0
T2 161£120 27.6+13.2 106 +41 28.9+11.9
T3 224+6 64.1+34.7 148+93 27.1+£16.0
T4 268+ 145 154.0+£69.7 228 +104 40.1+14.7
T5 57149 21.9+16.8 46125 252+12.2
T6 265+127 121.8+46.3 321+163 53.2+18.8
T7 109+75 29.5+13.4 14078 21.1+14.4

e T AHEALST BN BN, R P Ei N FH{E +1%2% . Note: T1 was the control plot without fertilization. Data are means + SD.

5.0~ a)

MhFRART AR TR AL

Total nitrogen loss of surface runoff/(kg-hm?)

TIT2T3T4T5ST6 T7  TI1T2T3 T4 TS5 T6 T7
2016 2017

AL ¥ Treatment

Lg% Sediment total nitrogen
1 A2 7i7K 42 Runoff total nitrogen

1.00F 1) =} b@ﬁk{vj‘ Sediment total phosphorus

I #4277k 2= Runoff total phosphorus

0.75+

0.501

0.25

0.00

{073
Total phosphorus loss of surface runoff/(kg-hm2)

TIT2T3T4T5T6T7  TI1T2T3 T4 TS5 T6 T7
2016 2017

AbFE Treatment

Kl 2 2016—2017 E s ERAZ R A (a) FEwE (b) HkE

Fig.2 Total nitrogen loss (a) and total phosphorus loss (b) in surface runoff during the study period in 2016-2017

23 BREBRK

2016—2017 4EAF 55 1B T 4 R W T2 2k i K
376.9 kg-hm 2, HA ARG AR K T1 /N X 40 2k B i
/N, R 172.9 kg-hm 25 AR K T7 /NX &R
KRR, N 603.9kghm? (F£5), BIRSAMT
I BE A AL GG 22 . B s 2T 8RR
B 2.4 kghm 2, Hrp T1 @Rk ERAD, 0.9
kg-hm?; TS WA ER K, H3.5kghm (£ 6).
MR 2 /NX B i R R 2 . AR/ X B
T 4 R4 ) 90 2% 328 R T b 3R A28 U 4 U R 2
it (K 3), HrihgiseaZ e 24 mk o

S A MR R ER 99.0%F 76.9%. X
B A it AT Ak /N X 8 T AU i 2K i, Bl 30
RT3 2% 143 ) o5 A AE 1Y) 34.3% 1 5.1%, di
1124 38.0%7F 6.8%, AN 30.4%F1 2.6%, VAT
HEFER AR RO T4 ARBETR, Bls AR A R
R A SR 30.4%H1 6.4%., HILAT 0L, B2
W05 0 R B R A R E R AR . T =k EIX K
T, AT SR R P — oA
TG, M BRAMRERA R, RAES TR
HHEE ARG, KRR SRR, BTkt
L 1 R B TR AR AR KRR, (E R A AR = X
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Table 5 Total nitrogen loss in interflow during the study period in 2016-2017 /(kg-hm™?)

H # Date ( yyyy-mm-dd ) T1 T2 T3 T4 T5 T6 T7 I #EVE Sig
2016-01-01—2016-05-05  4.5+1.3a 8.3+0.3b 9.0+04bc 10.6+1.5¢c 12.94+0.8d 149+1.4de 16.0+1.3e 0.000
2016-05-06—2016-06-05 18.5+4.3a  23.0£0.9b 22.9+0.1b 22.8+0.4b 22.8+04b 233%0.2b 23.0*+1.1b 0.053
2016-06-06—2016-08-14 91.7+5.3a  95.8+0.7ab 96.9+0.2b  97.6+0.1b  98.7+0.1b  99.1+0.3b 106.2+6.7¢c 0.004
2016-10-20—2016-11-18 27.1+12.9  35.1+0.5 35.84+2.0 32.7+3.6 35.04+0.2 35.61+0.5 33.7+24 ns
2017-02-20—2017-03-27 1.3%0.3a 2.1+0.3a 42+23ab 83+7.0ab 6.4+2.7ab 10.0+1.1b 13.7+£9.3b 0.042
2017-03-28—2017-06-13  7.5+3.0a 21.0£8.5ab 34.1£9.0b 40.2%£33b 51.6%£4.2bc 61.6%£17.0cd 71.9%10.8d 0.000
2017-08-04—2017-08-18  0.4%0.0a 1.1+0.4ab 1.84+0.3bc 2.240.0c 2.61+0.1c 39+1.1d 5.61+0.2e 0.000
2017-08-19—2017-10-20 21.9+1.3a  83.4+16.8b 134.3+11.5¢c 144.5+38.8c 191.0+13.0d 224.0+14.9d 333.8+7.2¢ 0.000

A1t Total 172.9+28.1a 269.84+26.2b 339.0+10.5¢c 358.94+47.0d 421.0+t16.4e 472.2+25.6f 603.91+38.5g 0.000

s AT BRGNS R R AL B R 24 5738 K (P <0.05), ns fRFEXEF AL T, Note: Data in the same row followed

by different letters mean the significant difference between treatments at the P < 0. 05 levels, respectively. ns represents no significant

difference. The same below.

T6 20162017 EARPBREWRELE

Table 6 Total phosphorus loss in interflow during the study period in 2016-2017 /(kg-hm™?)

H 1 Date ( yyyy-mm-dd ) Tl T2 T3 T4 TS T6 T7 L Sig
2016-01-01—2016-05-05  0.04£0.02 0.08£0.04 0.022001 0.0420.03 0.04+0.01 0.11£0.03 0.10::0.06 ns
2016-05-06—2016-06-05  0.03+0.01 0.03+£0.02 0.07+13.0 0.08+0.03 0.13£0.10 0.05+£0.01 0.16%0.06 ns
2016-06-06—2016-08-14  0.0940.03 0.16+£0.03 0194016 041+0.15 0474027 0514030 095+0.76 ns
2016-10-20—2016-11-18  0.0540.03 0.1740.19 0344023 043+0.12 0094004 0.15+£0.06 0.13%0.07 ns
2017-02-20-2017-03-27  0.0240.01 0.06+0.03 0064002 0.15+0.10 0114001 0.06+0.02 0.06+0.02 ns
2017-03-28—2017-06-13  0.06+003 0.05+£0.02 0074004 0.10+£0.08 0.06+0.04 0.09%0.07 0.07+0.03 ns
2017-08-04—2017-08-18  0.014001 0.014£0.00 0024001 0.01+£0.00 0024001 0.02+0.00 0.02+0.00 ns
2017-08-19-2017-1020  0.62+04 1204043 0.69£036 1.562096 2.53+1.02 1.77+1.62 1.81+0.34 ns
Zit Total 0924039 1764079 1464064 278+1.00 345+£122 276117 330+131 ns
! A
| Fert)?lﬁizﬂstion &;ﬁff?e Rulif)?fﬁ;ter
(N: 87.30%~96.80% (N: 0.33%~1.42%) O e enee)
(P:99.30%-99.80%) N[ firfaiia (P* 1.03%-5.82%) (P0.66%~3.82%)

%

Citrus orchard

Pk
Deposition
(N: 3.20%~12.70%)

(P: 0.20%~0.70%)

FEIA

Source of nitrogen and phosphorus

K3 2016—2017 AR5 AR Fel it HE 45 70 Ree R0t i A L 4910 R RO 2 o i AR L 471
Fig. 3 The proportion of nitrogen and phosphorus income and the proportion of nitrogen and phosphorus loss in the income of citrus orchard
were studied in 2016-2017
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Fig. 4 The relationship between the NP fertilization and the NP losses in citrus orchards in 2016-2017
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