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Characteristics and determinants of nitrogen and phosphorus runoff losses under different agronomic mea-
sures in double cropping paddy fields
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Abstract: The typical central subtropical double—cropping rice ecosystem was observed in the Changsha County, Hunan Province, to deter-
mine the effects of different agronomic measures (e.g. fertilization, water management, straw returning, and bio—charcoal application) on ni-
trogen (N) and phosphorus (P) runoff losses, and to identify the key determinants of the NP runoff losses through the redundancy analysis
method (RDA). The results suggested that: The total-N (TN) concentrations in surface ponding water peaked one day after fertilization

(base fertilizer, tiller fertilizer, and heading fertilizer) under different agronomic measures in the paddy fields, and then decreased to a sta-
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ble level 10 days after fertilization; the total-P (TP) concentrations peaked one day after base fertilization during the early rice season,

while peaked five days after base fertilization during the late rice season. The NP concentrations in surface ponding water were strongly af-
fected by the agronomic measures. Under the intermittent irrigation condition, organic fertilizer application, straw returning, and bio—char-
coal application reduced the TN concentrations by 34.05%, 15.34%~19.76%, and 15.46%~17.47%, respectively, and straw returning and
bio—charcoal application decreased TP concentrations by 6.33%~8.76% and 9.09%~13.66%, respectively, compared with the conventional
chemical fertilizer application. The TP and TN were lost mainly in chemical forms of ammonium—N and particle=P in surface runoff of pad-
dy fields, and the period within 10 days after fertilization was the window period for the NP runoff losses, when occurred 82.53%~97.66%
and 6.73%~47.02% of TN and TP runoff losses during the whole cropping season, respectively. The RDA indicated that application of or-
ganic fertilizer promoted the TN and TP runoff losses, application of bio—charcoal increased the TN runoff loss, and straw returning reduced
the TN runoff loss, in the paddy fields. Based on the comprehensive consideration on the potential and actual effects, and practice feasibili-

ty of agronomic measures, implementing efficient water management (especially during the window period) and straw returning should be

the suitable strategy for preventing the NP runoff losses in the double rice ecosystem fields in the central subtropics.

Keywords : nitrogen; phosphorus; runoff loss; paddy fields; agronomic management factors
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Table 1 Basic indexes of soil in the study area
Total organic ~ Total nitrogen/ Ammoniacal Nitrate nitrogen/ Total phosphorous/ Available Total potassium/ ~ pH  Unit weight/
carbon/g-kg™' g kg nitrogen/mg - kg™ mg- kg™ g kg™ phosphorus/mg kg™ g kg™ g-cm”
17.5 1.62 11.87 0.95 0.55 9.17 28.4 5.1 1.31
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M VEHE R G, HEE K AR VA IR K o 7KV A
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FH 25 7354 2 28.6 cmol - kg™ A H 0.18 g-em™.,
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Table 2 Fertilization schemes of different treatments ( converted to pure nitrogen/phosphorus , kg-hm™)

FLA Early rice Wi Fe Late rice
Tre%lt\jl!;nls ALIE Chemical fertilizer F&#F Straw & Manure KNI Chemical fertilizer F&#F Straw $43% Manure
N P N P N P N P N P N P
NPK+IF 120 32.75 0 0 0 0 150 32.75 0 0 0 0
NPK+LS+IF 100.08 32.75 19.92 4.92 0 0 130.08 32.75 19.92 4.92 0 0
NPK+HS+IF 80.16 32.75 39.84 9.84 0 0 110.16 32.75 39.84 9.84 0 0
NPK+CF 120 32.75 0 0 0 0 150 32.75 0 0 0 0
NPK+HS+CF 80.16 32.75 39.84 9.84 0 0 110.16 32.75 39.84 9.84 0 0
50%NPK+M+IF 60 0 0 0 60 47.47 75 0 0 0 75 59.35
NPK+LB+IF 120 32.75 0 0 0 0 150 32.75 0 0 0 0
NPK+HB+IF 120 32.75 0 0 0 0 150 32.75 0 0 0 0
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Figure 1 Daily rainfall during the observation period
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Figure 3 Dynamics of ammonia, nitrate and total nitrogen concentrations in surface ponding water of paddy fields
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Figure 4 Dynamics of dissolved and total phosphorus concentrations in surface ponding water of paddy fields



FAT % R AR 2 B S BU RS S CR MU A B L I T 1729

401 201
. &
] E&fo 30t ﬁﬂj FI5r
e 27
B E g
2% 20t @z 10t
o il T3
£ I w2
£ 10t Zg 5r
£ :
=
0
. \} ) \} \} \} \} < N \} \} \}
$?‘{\x\$ x\ %%x\ XC) X‘é%x Xg\x\‘&X %x\\L \X?’)(\ $Q‘@x\ X\)%x\‘g( \(\ $Q ‘&XQ X‘(\%XQ? xﬂ\X\ %x\\kx %x\
AN @E‘@ AN AN} @3(‘ WY@
AbFE Treatments Kb P Treatments

12r

=N
H

-NA#

Runoff loss of NO;—N/kg+hm™
=
>

32592
LR
<
o
T

JIL

NO3
I
[

mﬁiﬂi "

0
N TR\ S\ NG \‘3 RN
‘&X\ X %X x %x \\X %X

&I@ Treatments
[ 2017 - O 2018 4 A

Es5 BHARRRRREE
Figure 5 Nitrogen runoff loss in paddy fields

RIBIEEI0OINEBERRAESATBETREENE D (%)

Table 3 Percentage of nitrogen and phosphorus runoff losses within 10 days after fertilization to the total losses of cropping season (% )

JEIE S5 10 d AR AR it 2% 1 /A 22 B it O i JEAE (CEEAE) J5 10 d NS AR TR 2% /R 2R B T 2R ek
Kb ER Nitrogen runoff lose within 10 days after fertilization (base,, tiller and Phosphorus runoff lose within 10 days after fertilization
Treatments panicle)/ Total loss (base )/ Total loss
A Early rice i Late rice FLAE Early rice A Late rice
NPK+IF 97.65 96.34 38.13 15.57
NPK+LS+IF 84.83 97.55 14.86 22.20
NPK+HS+IF 99.19 85.03 17.24 26.59
NPK+CF 93.46 97.66 24.40 6.73
NPK+HS+CF 90.86 85.17 28.51 15.86
50%NPK+M+IF 82.53 92.07 47.02 34.78
NPK+LB+IF 92.13 94.88 23.83 13.17
NPK+HB+IF 88.48 91.16 42.14 9.55
4 BAEHERAALE(%) NO:-NF- B4R 0 % B AR T IR, 605 TN AR I 2k
Table 4 Nitrogen and phosphorus runoff patterns in paddy fields(%) M1 0.46% F13.20% .
% Rice season  NH:-N/IN NO:-N/IN  DP/TP PP/TP WL 6 FTR , K434k B1RLFS TP - J4 42 i it 2k
LA 49.19 0.46 27.37 67.10 £(0.52+0.15 kg-hm'z)ﬁmﬁi%(o 69% ) 1% T W 7
WA 43.00 3.20 10.48 81.31

(0.90+0.09 kg-hm™,1.2%) . F BTG 10 d J5 TP
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Figure 6 Phosphorus runoff loss in paddy fields

P i A 2 R O TR Y 14.869%0~47.02% F11 6.73%~
34.78%($:3) . B Wi 50%NPK+M+IF kb F TP j7i 2%
HHIR K, 29 1.55+0.92 kg - hm™ 1 1.27+0.75 kg -
hm2, i 28 50 51 R 1.29% Fi1 0.85% ; 9 2 7 H NPK+
LB+IF 4b 3 TP - 34yt 2% it e/, L RS 2 3 03
0.371+0.01 1 0.60+0.36 kg - hm™, 1§ 22 7 26 2243 51
0.49% F1 0.80%. 7E AH [F] jti JE 1% &5 &, B L e 2= F
NPK+HS+CF 4b 3 TP i 2K & ¥ 5 T NPK+HS+IF 4b

P, {HJE NPK+IF 5 NPK+CF JL P47, R EB4r b 3
TG PP - Y42 3 3 2% i (0.35+0.08 kg - hm ) ik T
5 (0.73+0.04 kg - hm™) , 53 51 5 TP i 25 2 1 67.10%
M81.31%(F4) ., F HEFT 50%NPK+M+IF ZbF PP i
Je A R, 3 91 R 1.1220.23 kg - hm 1 1.23+0.28
kg« hm™; P 2% PP i 2k & F- ¥ {5 NPK+CF &b P i /)N
HL W ZE 43 5 0.58+£0.07 kg - hm™ 1 0.06+0.04 kg -
hm?, 575 DP V- 3448 i 2% £ (0.143+0.03 kg - hm™)
SR T FS (0.09420.02 kg-hm™) , 43 31 5 TP i 2
15 1 27.37% #1 10.48% . - F% 50%NPK+M+1F 4k 2
DP i 4 fiF 5t K (0.35+0.16 kg - hm™) ; NPK+HS+IF &b
PRI R /0 (0.086+0.04 kg-hm™) . BiAS NPK+HS+
CF 4b 383 2k 7 i K (0.20+0.16 kg+hm ™) ; NPK+LB+IF
A0 B DP it 2 4 /1N (0.049+0.02 kg-hm’z) o
24 FHHEBERAREEE
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Figure 7 Redundancy analysis between nitrogen and phosphorus

runoff losses and agronomic factors in the paddy fields (P<0.05)
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