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Abstract: To investigate the effects of living mulch combined with fertilizer reduction on surface runoff nitrogen and phosphorus loss in

citrus orchards, field runoff monitoring experiments were consecutively conducted in the Qingjiang River basin for 7 years from 2014 to
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2021. Three treatments were set : clean—tillage control (CK), living mulch (KF), and living mulch combined with fertilizer reduction (BMP)
under natural rainfall conditions. The effects of living mulch and living mulch combined with fertilizer reduction on nitrogen and
phosphorus runoff losses and the concentration of nitrogen and phosphorus in runoff were studied in a citrus orchard. Compared with CK,
KF, and BMP significantly reduced total nitrogen (TN) and total phosphorus (TP) losses, and BMP produced better results. KF reduced TN
and TP losses by 48.2% and 50.0%, respectively, while BMP reduced them by 54.2% and 57.1%, respectively. Thus, the reducing effects
of BMP on nitrogen and phosphorus losses were mainly caused by living mulch. Compared with CK, KF and BMP reduced runoff by 44.3%
and 50.1%, respectively, and the runoff coefficients decreased by 3.3 and 3.8 percentage points, respectively. At the same time, KF
decreased the concentrations of TN and TP losses by 11.0% and 14.1%, respectively, and BMP by 11.9% and 18.8%, respectively. The
high—-risk period for nitrogen and phosphorus loss was from April to August, and BMP had the greater effect on TN and TP losses, reducing
them by 54.6% and 64.4%, respectively, during the rainstorm—fertilization period from June to July. However, these reductions were only
2.7 and 6.9 percentage points higher, respectively, than those provided by KF. The results demonstrated that living mulch and living mulch
combined with fertilizer reduction can both significantly decrease nitrogen and phosphorus runoff losses, and that living mulch reduced
nitrogen and phosphorus losses by decreasing runoff. Therefore, using living mulch or living mulch combined with fertilizer reduction
measures can efficiently reduce nitrogen and phosphorus loss during the high—risk and rainstorm—fertilization periods in citrus orchards.

Keywords: living mulch; fertilizer reduction; citrus orchard; runoff; nitrogen and phosphorus loss risk period; rainstorm and fertilization
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Table 2 Average annual phosphorus loss amount and proportion
of various forms of phosphorus on surface runoff

ENGIHZY eSS AL BER K L)
Jib 3 Different forms of phosphorus loss  Ratio of phosphorus loss

Treatment amount/(kg-hm™) in different forms/%
TP DTP PP TDP/TP  PP/TP
CK  042:020a 0.20£0.13a 0.22:0.16a  47.6 524
KF  0.21:0.08b 0.11:0.06b 0.10:0.06b 524 476
BMP  0.18£0.07b 0.10+0.06b 0.08£0.03b  55.6 44.4

2.1.2 XF XSS HH A b R A28 RO 0 2K )55

Pl 3 IR 4 S A A el 2 A48 0 R0 Ml 0t 2 IR
1Ak 4—8 H B A CK AL FE TN A1 TP 3 2k 12431l
2.1 kg hm™#10.3 kg - hm™, 43 51| &7 4 4 1) 70.0% Fl
73.4%. 5 CKALFEAH e, 76 3 J¢ XUBS: 9, KF &b 2
TN FI TP 9t 2 1 50 A FEAR T 41.1% 1 47.4% , BMP &b
PR BIREAR T 46.6% F152.3% , BMP &b JH 1] ok 550 5
U o A€ 6—7 1 AH A el it H: R IE B, 2 2R BN 5 it
HE RS 44, 1% 5 ) CK &b 3TN A TP 37 45 1 3 5 N
0.87.0.15 kg-hm™, 43 51| 5 4 4F19 29.0% 1 35.0% . 5
CK AbFEAH LY, 76 72 N 5t IE RS A 30, KF AR R % TN Al

Rl MRERPERSEEHAREERTSELH]

Table 1 Average annual nitrogen loss amount and proportion of various forms of nitrogen on surface runoff

fib 3 AR A5 AU 25 it Different forms of nitrogen loss amount/ (kg-hm™) 7 [l AU 5k Bl Ratio of nitrogen loss in different forms/%
Treatment TN DTN NO;-N NHi-N PN DTN/TN NO;-N/TN NH;-N/TN PN/TN
CK 3.01+1.63a  2.66+1.58a 1.40+0.88a 0.63x0.30a  0.35:0.18a 88.4 46.5 20.9 11.6
KF 1.56£0.61b  1.41x0.59b 0.72+0.37b  0.37+0.16b  0.15£0.11b 90.4 46.2 23.7 9.6
BMP 1.38+0.55b  1.22+0.50b 0.7120.38b  0.35:0.16b  0.16+0.12b 88.4 51.4 25.4 11.6

TE : R R NG FREFR Ak PR 22 57 8 35 (P<0.05) o Al

Note : Different lowercase letters in the same column indicate significant differences among treatments (£<0.05). The same below.
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Figure 3 Average monthly TN loss amount on surface runoff under different management measures
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Figure 4 Average monthly TP loss amount on surface runoff under different management measures
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Table 3 Surface runoff characteristics under different

management measures during the period of monition

W e TR/ € WeR i B TR
P Treatment — Rainfall/mm Runoff/mm R].m.()ff
Year frequency coefficient/%
2015 CK 13 667 46.7a 7.0a
KF 26.6b 4.0b
BMP 24.5b 3.7b
2016 CK 10 911 60.6a 6.7a
KF 40.3b 4.4h
BMP 36.0c 3.9¢
2017 CK 17 1264 202.7a 16.0a
KF 52.7b 4.2h
BMP 39.3b 3.1b
2018 CK 9 899 52.4a 5.8a
KF 44.8a 5.0a
BMP 40.7a 4.5a
2019 CK 9 738 45.2a 6.1a
KF 30.7b 4.2h
BMP 28.5h 3.9h
2020 CK 22 1706 109.4a 6.4a
KF 82.3h 4.8b
BMP 77.8b 4.6b
2021 CK 20 969 61.3a 6.3a
KF 44.9h 4.6b
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Figure 5 Average monthly rainfall during the period of monitoring
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