+ # (Soils), 2023, 55(4): 729-738

DOI: 10.13758/j.cnki.tr.2023.04.005
RICHE, R, HEAR, S5 RFRGE =0 A X RT & AR R . 58, 2023, 55(4): 729-738.
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(1 BERATRE KR ERE LR E D EREBE R 2 D), Rt 210008; 2 EFEERE RS, L 100049; 3 LHES
TR AEBRAF, THKEHRE  215600)

1 E: ALK AT BT X R SE AT A R, B AMERUE(CK) . FRUIEE(CN) . IR EERN) . 5
RAMTRERNS) I A U(RNP)S Fii ZACH, FREEA RN 7 20 F = 98 5 BRI R0 m . 450K, 5REALH(CN
T RN)AH HE , RNS AT RNP 3 i3 F# A5 FH i 7K NHa-N #% 521 pH 23 510870 30.95% ~ 41.54% 1 66.71% ~ 72.23% HYEIF & HEAL(P<0.05).
AHFZF RN AbFH, RNP (R /KRR R A K I AR X 5O AR S &, i KRS ™= £(6.23%), $m ZAEFIHIZR(50.15%), BEAK
i%ﬁﬁﬁ%(@gz%)(ko.os% 5 CNAHAH L, RNS BFRAR 1R A A3(29.20%)(P<0.05), E/KARME 2 2 F A IR P2k 3
WM. AECT RNS, RNPE—PREIRAHE L1 (50.84%) M HIEEEA(S1.07%) . $25 BRI (40.40%)(P<0.05). £5 LAFiA,

RNP WA RIS R as Fe e, AL ORI B AT ekt b AR A D 22 A B, i FH S BiA 7= 5 ARME A 7 3 /K R RS AE
LAk P R B m LI SERI AT,

EBER: AL ¥k FUCRIESR, HIEAY B KRR R

RESHES: S143.1+2 XERFRERD: A

Effects of Different Deep Fertilization Methods on Ammonia Volatilization and Nitrogen Use

Efficiency in Rice Fields in Taihu Lake Region

ZHU Wenbin'?, ZENG Ke'?, TIAN Yuhua', ZHANG Chao®, LI Xiao®, GE Renshan®, YIN Bin'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Jiangsu Huachang Chemical Co., Ltd.,
Zhangjiagang, Jiangsu 215600, China)

Abstract: A two-year field experiment was conducted in the Taihu Lake Region with five treatments: no nitrogen (N) input (CK),
conventional N broadcasting (CN), reduced N broadcasting (RN), reduced N with side deep fertilization (RNS), and reduced N
with point deep fertilization (RNP), to explore the effects of different deep fertilization methods on ammonia volatilization (NH3)
and N use efficiency (NUE) in paddy fields. The results showed that compared to surface application treatments (CN and RN),
RNS and RNP reduced ammonia volatilization by 30.95%-41.54% and 66.71%-72.23% (P<0.05), respectively, owing to the
reduced NH3-N concentration and pH in floodwater. RNP significantly promoted the root growth of rice, and increased soil
available N content in root zone than RN, thereby increasing rice yield (6.23%) and NUE (50.15%), and decreasing soil N surplus
(63.92%) (P<0.05). RNS markedly reduced soil N surplus (29.20%) (P<0.05), but N uptake and NUE of rice were not
significantly increased versus CN. In contrast with RNS, RNP further decreased NH; volatilization (50.84%) and soil N surplus
(51.07%), and increased NUE (40.40%) (P<0.05). Overall, RNP can achieve the maximum agronomic and environmental benefits,
but it is difficult to be widely used in agriculture production owing to the limitation of the development of point-deep fertilization
machines and fertilizer granulation technology, whereas side-deep fertilization method is feasible to be adopted in large-scale
intensive production of rice due to the higher agronomic and environmental benefits.

Key words: Deep fertilization; Ammonia volatilization; Nitrogen use efficiency; Soil nitrogen diffusion; Root characteristics of

rice
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R 1 2019 F750 2020 FREFRIFEARREMRELHREE

Table | Cumulative NH; volatilization and NHj intensity in rice seasons of 2019 and 2020
Ny Lb 3 MR BRHERE (N kg/hm’) o it L e L S HENGHR B
FHE Hn BB UGB (%) (N kg/t)
2019 CK 11.35¢ 5720 3.83b 1.80b - 240 ¢
CN 47.73 a 2531 a 17.64 a 478 a 15.91 5.17a
RN 42.80 a 23.39a 1435a 5.06 a 16.78 475 a
RNP 1247 ¢ 4.87b 430b 3.31 ab 4.89 1.31d
RNS 32.25b 2249 a 4.63b S5.14a 12.65 345D
2020 CK 10.87d 479 ¢ 249b 3.59¢ - 2.74 b
CN 54.06 a 21.65a 20.54 a 11.88 a 18.02 574 a
RN 42.51b 18.65 a 15.92 a 7.95b 16.67 473 a
RNP 1591d 547 ¢ 3.30b 7.14 b 6.24 1.56 ¢
RNS 26.68 ¢ 10.50 b 6.55b 9.62 ab 10.46 2.92b
AR Al A R 0.91 0.01 0.47 <0.001 0.99
P{H(F ff) (0.14) (15.68) (0.54) (34.66) (<0.001)
T e Ty = <0.001 <0.001 <0.001 0.046 <0.001
(66.84) (62.74) (42.21) (3.48) (85.77)
AR X it IR 7 = 0.29 0.05 0.61 0.80 0.34
(1.30) (6.58) (0.503) (0.22) (1.12)

T FFEHR /NG 5 RN ] 2R [ — 4R 03 A ) A B ) 22 5 1 3% (P<0.05), T2,
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R2 AEAMELETAKEENE. BRRE. RELANEELWHAE
Table 2 Rice biomass, N uptake, N surplus, and REy under different treatments
Ay Qb3 it A (EEA N i FiFF A i WA RE& FIEFIHZ
(N kg/hm?) (kg/hm?) (kg/hm?) (N kg/hm?) (N kg/hm?) (%)
2019 CK - 4806.82 b 4441.16 ¢ 67.69 d - -
CN 300 9237.81a 7 999.35 ab 183.97 b 116.03 a 38.76 b
RN 255 8987.61 a 6567.09 b 160.30 ¢ 94.70 ab 36.32b
RNP 255 9577.62 a 8579.96 a 21942 a 3558¢ 59.50 a
RNS 255 9368.71 a 6 078.66 be 171.61 be 83.39b 40.75b
2020 CK - 3993.45¢ 3 146.65 ¢ 5742 ¢ - -
CN 300 9393.99b 10 792.44 a 192.55b 107.45 a 45.04 b
RN 255 8974.01b 9 523.68 ab 187.86 b 7731 b 47.17b
RNP 255 10219.39 a 10987.41 a 213.63 a 28.64 ¢ 66.25 a
RNS 255 9453.73 b 8342710 180.06 b 80.13 b 46.06 b
AR Al (A7 0.15 0.01 0.28 0.62 0.016
PAE(F H) (2.20) (13.14) (1.24) (0.25) (6.61)
Tt e 7 = 0.001 0.043 <0.001 <0.001 <0.001
(9.93) (3.63) (18.63) (26.66) (24.69)
AR X it AR T =K 0.20 0.91 0.82 0.52 0.87
(1.73) (0.092) (0.20) (0.68) (0.15)

(RN)A FERAE A = B Ry, s A& AL #1L(RNS
I RNP) A fRIE - S Ad e, SR mEa - a, Hib
RNP ZbHE P E 1A 2020 4EFE4T 7 5(8.79%) (P<0.05).
FHEE T CN AL P, RN'S 4b P 4 + 38 02 A3 [%A1K 29.20%
(28.13% 1 30.26%)(P<0.05), {HAMEHI/KFEH & i ;
RNP 4b 38 1y 7K i W 4 o 11 28088 ) 28 43 50 34
15.11%(10.95% HI 19.27%) Fl  50.15%(47.09% Al

53.21%), TIEABIAFIK 63.92%(61.50% F1 69.34%)
(P<0.05), HH%ZT RNS £b3, RNP &b3H g & &2
FAEF R — N 23.26%(18.65% il 27.86%)
Il 40.40%(36.95% I 43.84%), 13 & B A A
51.07%(44.80% F11 57.34%). Pearson HHICIELERHE
W, OISR FH 2 R S R A 0 ol 5 e A
F U EHNIEAH KK AR (P<0.05, 3K 3).

R3 BEAZVNEEHEATE. REE. AR LMEIEF HZEH Pearson AKX 1%

Table 3 Pearson correlation between cumulative NH; volatilization and rice yield, N uptake, N surplus and REy

Jite A 1 (R IKFE WA RER RIEFIFHER
2019 2020 2019 2020 2019 2020 2019 2020
e -0.365 -0.527" -0.710" —0.402 0.815™ 0.727" —0.806" -0.562"
RNV CEL -0.323 -0.432 -0.283 ~0.360 0.629" 0.705" -0.439 -0.536"
WA -0.071 —0.064 —0.449 —0.418 0.409 0.678™ —0.447 —0.542"
EE —0.382 —-0.458 -0.622" —0.424 0.839™ 0.787" -0.752" -0.602"
W o* . =R AR AR P<0.05 A P<0.01 & K F,

2.3 +1E NH;-N #1 NO;-N HIzh5T ik

RN Kb 3% NHG-N FINO3-N Sri/35104 4.05 ~
49.29 mg/kg Fl 12.11 ~ 76.77 mg/kg, HIFEREALIEEE 14
KRG, 25 45 REEZRM. FEILES 7 il 14
K, 0~5cm +2 NH;-N SHEEST 10~ 15cm £l
15~20 cm; M7EREAC)EES 14 F1 28 K, 0~5cm )2
NO;-N B EHT 15~20 cm +JZ(E 4).

FEALJEES 7 K, RNS AbFH 43 NH;-N &1k 5]
e KAE (4.50 ~ 122.30 mg/kg), H F B4 +ER LT
0~ 10 em(I# 5); FENESEHE 14 X, RNS 43 NO;-N
BRI B RAE(13.89 ~ 96.25 mg/kg). RNP &b FH

145 NH;-N FI NO3-N & 5=7EFE 2514 4.86 ~ 107.6
A1 11.34 ~ 81.51 mg/kg, HIYEILAEE 14 KikE|
RAE, EESAALRUT 5~ 15 em LU AL 5
Pl 6 cm X3P (ANIE 2 BB RAERTR) . SEAE
J5%5 45 K, RNS I RNP 4bFH A NH;-N &35l [
% 5.41 ~35.79 F1 7.06 ~ 35.35 mg/kg, NO;-N &4}
WIFE 2 23.08 ~ 55.50 1 29.34 ~ 52.23 mg/kg(/& 5).
24 KBREEKMABESTHABERE

K 6 P, WAL IE(RNS Al RNP)AT {2
PEKREM AR K, LA RNS AbFH R At % . RNS I
RNP bR FEMR R AR . K, REEB ., R
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Fig. 6 Rice root parameters at tillering growth stage
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