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Effects of agronomic deep application and combined application of controlled release nitrogen fertilizer on
rice yield and nitrogen loss in a paddy field
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Abstract: The study investigated the effect of agronomic deep placement of basal fertilizer (dry fertilization and wet mixing) and
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topdressings (fertilization before irrigation), combined with application of control released nitrogen (N) fertilizer on N loss and uptake. A

plot experiment was conducted with four treatments:no N fertilization (NO), conventional N fertilization (Nc ), agronomic deep fertilization
(Nd), and agronomic deep fertilization combined with slow controlled release N fertilizer (reduced 10% N rate, Ns). The effects of
agronomic deep fertilization of N and its combination with controlled release N were studied concerning the speciation and concentration of
N in surface water, N loss from the paddy field, apparent N use efficiency, N surplus, soil available N content, and rice yield. Compared
with conventional fertilization, the Nd and Ns treatments reduced the total nitrogen (TN) concentration in surface water of the paddy field in
the high-risk period (within 7 days after basal fertilizer, within 5 days after tiller fertilizer, and within 4 days after panicle fertilizer) by
18.5% and 49.8%, respectively. These treatments also mainly decreased the total dissolved nitrogen, especially NH:—=N. TN loss from
paddy fields treated by Nd and Ns decreased by 19.1% and 47.6%, apparent N use efficiency increased by 15.3 and 3.9 percentage points,
and N surplus decreased by 6.8% and 38.1%, respectively. The available N contents and rice yields showed increasing trends. The findings
verified that agronomic deep placement of N can reduce N concentrations in surface water and N loss from paddy fields and can increase N
use efficiency. The simple, green, and efficient fertilization technology is worthy of promotion. If combined with slow controlled release N

fertilizer, the technology can further reduce N concentration in surface water and N loss from paddy field, as well as N fertilizer use rate.

Keywords: deep fertilization; controlled release nitrogen fertilizer; rice; nitrogen loss; yield
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Table 1 Nutrients application rate and fertilization method in the field experiment

%47t FH 2 Nutrients application rate/(kg+hm™)

Jb 3 JHE 5 2

Treatments Fertilization method FE/IE Basal fertilization P BEAE Tillering fertilization  FEAE Panical fertilization
N P20 K-0 N N K-0
NO SEtE R FR e N P K 0 67.5 45.0 0 0 45.0
Ne SEI0 FH Pl L , S K HE 78.0 67.5 45.0 58.5 58.5 45.0
Nd St A FE L | SR N K 78.0 67.5 45.0 58.5 58.5 45.0
Ns St A FE L SEaE N K 122.8 67.5 45.0 0 52.7 45.0
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Figure 2 Effect of agronomic deep application and combined
application of controlled release N fertilizer on TN concentrations

in surface water during the period of high N loss
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Table 2 Fractionation of N forms in surface water in different treatments during the period of high N loss (%)

AP Treaments DTN NO;-N NHi-N DON PN
NO 73.0+4.7b 24.8+0.9a 27.4+1.2¢ 20.8+3.0c 27.0+4.7a
Ne 83.6+2.1a 7.7+0.6d 49.120.9a 26.8+1.5b 16.4+2.1b
Nd 80.0£2.5a 9.9+1.3¢ 41.3%6.0b 28.8+3.4h 20.1£2.5b
Ns 79.2+2.0a 13.0+1.0b 29.9+1.5¢ 36.0+2.3a 20.8+2.0b

1 R AAR )/ ING TR R A B e 22 5 8 2 (P<0.05) . R,

Notes: The different lowercase letters in a column indicate significant differences among treatments at P<0.05 level. The same below.
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TN ¥ J¥ B Z KT Ne 43 (P<0.05) , WK T Nd Zb F
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Table 3 Effect of agronomic deep application and combined
application of controlled release N fertilizer on runoff loss of N

from paddy field
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Table 5 Effect of agronomic deep application and combined
application of controlled release N fertilizer on N surplus and N

content of soil

e i ey Iy o By S 155 A7 7l 2 A
Ejf 'l‘reﬁri%nts Rziﬁtf/%m TN cZSc{flition/ 'I‘N’I‘rljn{};ffoies/ Treﬁi%nls N af)ﬁj};ﬁtiion N jj[flff 'f;im/ js:off:ﬁjl;l\?l
(mg-L™") (kg-hm™) rate/(kg+hm™) (kg-hm™) content/(mg-kg™)
6J119H NO 10.0 4.30+0.39¢ 0.43+0.04¢ NO 0 -95.4+10.4¢ 7.2+1.5b
Ne 10.0 10.68+1.19a 1.07+0.12a Ne 195.0 76.4+2.3a 11.5+2.4a
Nd 10.0 9.75+1.81ab 0.98+0.18ah Nd 195.0 71.2+12.1a 13.4+1.5a
Ns 10.0 7.46+1.39b 0.75+0.14b Ns 175.5 47.3+5.3b 13.9+2.7a
6J22H NO 33.7 3.81+0.12¢ 1.28+0.04¢ VE + U A it Rt — R R
Ne 33.7 8.54+0.30a 2.88+0.10a Notes : N surplus amount=N application rate—grains N uptake.
id zz; jjgizb ?Zigng FFELLDTN 2 &, 7 DTN #, LA NHi-N F1 DON Wy
7HISH N 75 1300312 0.10+0.02a E ARG AR I, 25t AL 2L F K o
Ne 7.5 1.68+0.80a 0.130.06a TN DTN NH:-N %5 F= S8 R R 19k B2 #R I ATE 15
Nd 75 175¢0.18a  0.1320.01a YRt AES i U T 3K 38 e ey, A it R JIE IR 58 4 K (2 BEIE
N 7S 150044 0Ms00%  RHS K R4 KB TR T H E KD
KREE NO 512 3.53 1.8120.04¢ ZHBIE DL DTN 3, H b TN [ H ) 34 88 0 70% , 76
Yoo o2 o om0 DTN H, 1k NHi-N FIDON A . e 4h , B R HESLAE
N i T R KRR R VKRR R TR L (R

2 [l — H RIS RN TRk 7R Ab 3] 25 57 5 2 (P<0.05) .
Note: The different lowercase letters in a column on the same date
indicate significant differences among treatments at P<0.05 level.

R4 REREREREEFRRENKE"ER
AEWF AR
Table 4 Effect of agronomic deep application and combined
application of controlled release N fertilizer on grain yield and N

utilization of rice

HPRL R 2 e SURRIES
b3 B
Treatments Grain yield/ Plant N uptake/ N apparent
reatments (kg +hm™) (kg+hm™) efficiency/%

NO 8 200+448b 153.2+22.5b —

Ne 10267+178a 192.9+11.3a 20.4
Nd 10 737+203a 222.9+24.5a 35.7
Ns 10 320+383a 195.8+5.0a 243

NHi-N Z F1) & i XA sk e, 40 5038 i 16.5%
20.9%(F5),

3 itig

3.1 EHEEKERRESES

VEZ RIS, it U 5 FH TR 7K rh 28038 vk B T
BB AR, 2 S AR PR FEAR , £t 5 AL R o3 BEAE J5 R
W JEAE— Al e A 22 5 ATt RE AR B Bt AL
3 d e A R 2 S ANt NS AR A 2, i L T K A
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B 76 it e BB ) 55 7 K, NO . Ne . Nd A1 Ns &b 3 i
FK A TN W BEATS 43 1) B it 43 B ) 265 5 K 55 150.4%
216.8% .82.5% F1242.7% . H L, i LIS 7 d P it
AYBERES S d PN Lt AR AR IS 4 d P9 S RS AR LR
1) e XU 1

4 [ 22 SR AT & B JE K 2 TR AR I
ARIZTRN” 5 LA 207 4 A H AR i I S A1 HH T
KA A S Y, FAE A s F R R A B
AL I, KRS SN it 25 B AT FH TR K R NHE-N 5
o BRER AR R B GBI KA /U BR T
W F it 1 60% L) _E B9 AL AR EUHE A L2 M T FEEAEG
KRR . R 1 4 R A 25t X FH THi 7K
R R RS I R, ASBIEIE Sl A W T % it A Ak
PRAR N S5 A FE SRR 45 R ER R
515 v XU 09 (bt BERE S5 7 d L it 20 BERE S 5 d Y L it
FEIEJS 4 d N, A 2Bt b B (Nd) B e AT HH 1T 7K
R TN e BE Eb A 7K Ak FRATG 18.5% (&
2), HUAERFFE AL, AR 2 UR it 25 ff NHi-N ¥ B
I, H NHE-N e B2 B AR 3 B0 H T 7K H TN R BE R AR
() 2B R, L DTk R ik 82.9% (&13) o R Z IRtk
e it 2% 5 R BN T L 10% ASAXRE JE— 45 A TN
e FE (B R 5 35 49.8%, 181 2) |, i [H 45 =5 43 BE T 4 it
FH 40 50 R0 = WU B o 8 B AR e 2008
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Jiti T, AR R IR O 16 dEAR S 7 d 43
BERR S S d EARS 4 d) , 1A 25 T I it 2% 45 B AU
Al v XU TR 3 11 d (1) o A 25 Rt R AT
FH FH T 7K Hh 28028 W B T R A Pl T 2 it U8 TR E K 1
(IR NV i N o = s w104 N e TR
FH K PR R R R K . R 200806 2 BT LA NH3-N
W B R IE A K, — & 5 NH-N & /g H H ok iy &
BT SA 55, 025 NH-N 25 5 9 35 0% B [
TEA K AR TR i T it 2 97 A RUME ik — 2B R A1
TRV R B X AT BB R H Tt 2 R IR AR
TR, HERE R AR S AR RN ES . i,
T it A A 2 0 A B AR DTN 384 PN AE TN 5 Fb
MIVER, H DTN o L A B2 B NHI-N o o R AR
#H(£2).
32 BHEEMmE

SR AR R R R Y 8%~39%1, 2 F
AR B F B R 2 —2 ) H 7K 5 ) NHi-N
WHEREHEENIERERZ -, DR R,
“TCAKZTR N 8 TR 2R 5 LKA & A
HBA FEAR 7K o NHE-N &8 BRICE 1 & B e
FHE2N, ARWFSE AR TRt LA B A 20 R it T e ek
G e RIS Al D S e U 260 22 400 2% o DU B9 FH T /K
HNHG-N ¥R B, PR A PR NHE-N ¥ B 40 1) B i R0
it FES Az 3 AR 31.1% F1 69.4% , i HLAR 25 1% it e it 2%
P B UL A e 4 o 20 3 0 2 o AU T G X R R
F AR LU AR BERRARAS H 25 &R, TRt 2 15
BRRE, BRI 2

FET 1A 7K 260 28 e v IR B LA 2 ] [ 4 e 5
HARERA R EA HEXR, AREI, REHE
Jiti B A 2 it T it 2% 45 R RN AR RE R AR R R IR =
DRSS 97 T K PP R v B T LA 2 Rt e il 2 R
SRUIE A BE 2 el g JRURS TR A1 196 i O 2K 40
ARG AR R ARRVER o SERR It 2B
L5 B IE A B H , A 25 TR it BE A5 R FH TN 3 2% o
I8/ 19.19% , 7T it 282 45 ¢ 0 NE [+] Bsf 3 L 10% e 18
TN it R 5/ 47.6% (% 3) .

B 5 SER F N R 2R BR RIS R B, B
JE“ RAZKAR BOR RE 8 0 3R 09 RIS L L 48
1 7.9% , 35 B AR PR 7.19% , MR AT R0 R A
PR FEAR 14.9% . KIKRPPRFFE R, < TOK)Z R
Jit " B IO RN 5 LA R A, FRBER A
NEFI 2 BEARA R BATUR & . FARE IR
RIL, KREHNE TRt B AR b SR i T R R
— 864 —

FRTRR G it (LR AR T G 2 I T K R Ui, ik
IR EREE T R R HIR . AR, 55
TREE AR B L AR 20 % it R A 258t ot 2% 47 P 2R IES Pk
A 10% #8H —E B A R AR ER Rl e 5
LREMH R R B A ERRAK 38.1%, T — & i T A 3UR
S HIAA B H R LRt AR 2B L e
G R RIE R R 10% #R 2 AR R 2 1 Bt ok i
3.3 KBEFEERREWET A

PIAE e F - DUKa &7 oK )2 " ik 52 #6 k
PR, 3 S AR AT AR X 4R 2% R AT T 3 7 A 1
FHE2L2 A A5V 25T 3 B it FH % 45 R NS [
U — RE it R, IS S KRR . A B
Xof 18 e 7 EEL W R R A oY SR L 5 R AR L i
A JI PR 2 [R) ISR 20% 264 L KR 7= R AR
XTI P E VTR IR BB 2 3 B, 506 P33 JR %
HHEE , FE VSt 18.2% By Z5 41 it JFH JOR e o 5] L Bk
PR 2 R KRN 2080 . M 35 R S E I e v
FH AR5 2 B, 55 A3 PR 2 EL it FRTARS PR A PR
2 H AW 10%~30% B, K A5 AT B AG 1 7= a3
AT, 55 UG NEAL B H , A IR UE T KA
X R B AW, B T RUIE A, 0 T (o K R 3 7 5
A2 B 2% 45 BRI A B | B AR RIS P A
10% , {0 B F FH R = T 3.9 4N 40 4, KR 7= e g
A1

28 b, ¥ bl FE R -y i AR A i =
B, ISR A LIK A B BB AT, RERR IR AL ZE R
e R SO FH FH T K HR U3V B, W e R R AR I
TR R R AR R KRS ™ . %
AR 25 it e A T T i % s T RN ) it G v 2D
10% , AN 2 (i K AUl ™ , 52 T i 2E— A AT HH T 7K
TR VR 4 R B KU B Y BT R
FI R FEIR

4 it

(1) A 25t RE B AR A FH FH T /K PP 0 R MR B, 32
KRR RIEA R 08D RIEH K , HA — R i
e

(2) 4 25 it e e % 7 R SRUNE DB 2 10% , RE i
— 2P B A FH FH TR R SRR B R IR Bk, HAS
SR R o

() A Ul — TEAFHE) Ay 2 Gt IEE A
FHHPIC it 2% 4 B RUIE R R H
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