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Effects of one—time deep application of available nitrogen and slow and controlled—release nitrogen on rice

yield, nitrogen use efficiency, and nitrogen loss

HOU Kun, RONG Xiangmin, HAN Lei, PAN Zhiyu, PENG Jianwei, ZHANG Yuping, XIE Guixian, TTAN Chang, HAN Yongliang”

(College of Resources and Environment, Hunan Agricultural University, National Engineering Laboratory for Efficient Utilization of Soil
and Fertilizer Resources, Changsha 410128, China)

Abstract: The purpose of this study was to explore the reasonable ratio of available nitrogen to slow/controlled-release nitrogen under the
one—time side deep fertilization mode of machine insertion synchronization to improve the fertilizer utilization rate, reduce nitrogen loss,
and realize clean production of rice while obtaining a stable rice yield. A field plot experiment was conducted with the seven following
treatments, CK: no fertilization; T1: conventional fertilization [N rate: 150 kg - hm™ (early rice), 165 kg - hm™ (late rice)]; and T2~T6:
simultaneous machine—planting and one-side deep fertilization [N application rate: 105 kg +hm™(early rice), 132 kg+hm™(late rice)], for
which slow and controlled-release nitrogen accounted for 0%, 10%, 20%, 30%, and 40% of the total nitrogen, respectively. The effects of
deep application of different ratios of available nitrogen and slow-release nitrogen on the double—cropping rice yield, fertilizer use
efficiency, and nitrogen loss were explored. In the early rice season, the yield difference among the treatments was not significant, whereas
in the late rice season, the yield difference among treatments T3~T5 was not significant. The yield of treatment T6 was significantly lower
than that of treatments T4 and T5. Compared with those of treatment T1, the absorption and utilization rates of treatments T2~T6 increased
by 8.08~14.10 percent points (early rice) and 6.68~26.61 percent points (late rice), respectively. For early and late rice, compared with
that of treatment T2, the cumulative amount of ammonia volatilization of treatments T3~T6 decreased by 5.20%~38.20% and 29.41%~
35.60%, respectively, and the average concentration of total nitrogen in the field water decreased by 20.90%~38.22% and 7.39%~29.14%,
respectively. The average concentration of ammonium nitrogen in the surface water of approximately decreased by 26.26%~46.09% and
42.57%~45.61%, respectively. Treatment T4 did not reduce the yields of early and late rice, and the fertilizer absorption efficiency reached
37.93% (early rice) and 61.32%(late rice). The cumulative amount of ammonia volatilization, the average concentration of total nitrogen in
the field water, and the average concentration of ammonium nitrogen decreased by 37.00%, 30.48%, and 31.88% for early rice and by
35.58%, 12.88%, and 52.58% for late rice, respectively; thus, the overall effects were the best. The synchronous one-time side deep
fertilization method is suitable for the production of double—cropping rice in Hunan Province, and slow/controlled—release nitrogen should
account for 20% of the total nitrogen.

Keywords: double—cropping rice; side deep fertilization; available nitrogen; controlled-release nitrogen; yield; nitrogen loss; nitrogen use

efficiency
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Figure 1 Cumulative nitrogen release curve of slow controlled

release urea in still water at 25 °C
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Table 1 Fertilization amount of each fertilization treatment

Bz IbFp LN Basal fertilizer B Jii Total dosage/ (kg-hm™)
Season  Treatment JE R T N-P,05-K,0 Topdressing N P,0s K;0
i CK — — — — _ _
Earlyrice g SRR 20-10-10 JR % 130.4 kg-hm™+ 150 45 90
SAEER 75 kg-hm™

™ IR A T HIAE 23.1-9.9-19.8 CR &AL — 105 45 90

T3 KRR LR 23.1-9.9-19.8(ZEHRALS L 10%) — 105 45 90

T4 IKFEAEF L 23.1-9.9-19.8 (L # R A fi H 20%) — 105 45 90

T5 KFEE L RIE 23.1-9.9-19.8(ZFBA i 1L 30%) — 105 45 90

T6 KFELE L HIE 23.1-9.9-19.8(ZF A i HL 40%) — 105 45 90

e CK — — — — _ _

Late rice Tl IR 20-8-12 JRZ 163 kg-hm™+ 165 36 90
FALH 60 kg hm™

T2 KR = HIE 27.1-7.4-18 5S(RE A — 132 36 90

T3 KFEAEPL R 27.1-7.4-18.5(ZHRA L H 10%) — 132 36 90

T4 KRG LR 27.1-7.4-18.5(FHRA & L 20%) — 132 36 90

T5 KRB AL 27.1-7.4-18.5( 5 BA 5 T 30%) — 132 36 90

T6 KRB 27.1-7.4-18.5( LB 5 T 40%) — 132 36 90

WWW.QEs.0r9.CN
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SR PR 300 Bl e % i
1.4.4 FKFEREARAE i
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M52 A S B (KDN-102C 2 AL o b=

WK 25 P FE A -

A ZFH B B (Total N accumulation, TNA) A i,
A AL TR PR A (R FIRD) ZRURH 2 0 1) SR

AU FRFE B (N harvest index, NHT) & 5 S0 11 A
A7 THTFRUREL R AT 220 28 A 2 d /B Ao T FRURE PR R 2R L
HEH;

FAEIZSCR FH2R (N recovery efficiency , NRE)=(Jii
R - T A X RS R ) /it A X 100% 5

1% WHART]

N3
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O A XA A 7 - O A XA A i) it AU

FAEA: B R (N physiological efficiency, NPE )=
O A X AR A7 7 B~ o A X AR A 7™ 6 )/ O 8L IX /L
W~ A X RS IR ) 5

A E A A= 7 J1 (N partial factor productivity,
NPFP) =it 2 X457 /e ik
L5 HiEsE

X F Microsoft Excel 2016 F1 SPSS 17.0 #4447
Kt A BN , b B 22 5 W 2P 0 A R e/ N S
EH2ESL(LSD) .

2 HRE5HMH

2.1 RNEMERA BT NEHE =R

W2 PR e RREZE, T1~T6 AbF ) 7= B0 g 3
T CK AL HR, Horp T2 4b B = B i vy, 1K1 5 811.43
kg-hm?, L T1 AR PR & T 2.48% , Hoik 2y T4 . T5.T6
AL FR BT AR R4 542 T 0.34% .2.35% . 1.05%,
T3 40 FEUE ™ T 0.21% , {H T1~T6 kb 38 2 8] /Y 7= 5 2
RARE . EHEE, TI~T6 MK ™ B B & &/ T
CK Ab 3R, Horb T5 7 5 f 5, 15 8 510.42 kg - hm™, [t
T1ALFRAR B T 5.01%; T2 T3 T4 b BR/» B2 5 1
0.43% .0.38% .4.88% ; T6 Ab BRAH Lk TS 1 T4 4b ¥ 2
FW

LR, &40 B R] ) TR 5 S SR 22 R
3 MR REZR T1AR PR A Tk 5 i B K F CKLT2.
T4 . T5.T6 AbFH , T2~T6 4b 3 7] 2% RN G 35 ; T3~T6 Ak
FRZE SR G E KT CK AR T, B T1~T6 4b B a] 45 52
ERABE,
22 AEERAAEMNNEFEREZRREMN M

W3 e, fE R R 2, T2~T6 Ab B a] 4 X 2R
i RGRFE B0 22 AN 3 5L TS A PR U4 5X
BE T TIA R (P<0.05) . i 7ERE R 2 rp , 22 Rl
T6 4b PR 2 Rt it i KT T1~T5 43, {H T2~T6
AbFRAE S BERA TR AU 1 AR R A5 it e
Aob P[] 22 A AR I 2 5 O Ah B %) SRR 48 e g,
WA TS AL, 7E T2~T6 Ab B, TS 4b #5825 5 T2 Ab
PHLH T3 T4, T6 b B[R] 25 57 48 . 2%
23 AEHERLENNERBEEZNAENZN

WK 4 PR ARG = L fE A T T Ab
P, HLFRE FIRGAS T2~T6 4L BE %) NRE .NAE \NPE .NPFP
Iy R T 30.019%~52.38% .~ 1.16%~26.40% .5.85%~
39.31% . 30.48%~41.10% ( 5% ) #1 19.25%~76.66% .
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3.13%~46.15% , 38.00%~46.15% , 20.29%~40.79% ( 1
Fei) . 7ERFEZE, T2~T6 AL BAY NRE ¥ 8 2 5 T T1 4b
B, Hod TS 40 PR ARG NRE B 2% 5 T oAb AL L Gk
41.02%; T3~T6 4t ¥ ) NAE . NPE . NPFP 2 S 4 A i
5 T2~T6 AL FL Y NPFP & 3% = T T1 A BE . 7EMEAE S
T2~T6Ab PR, T4 4b PR NRE A3 T 61.32%, 25
F T2 A T3 4L, i NAE .NPE  NPFP 4b 3 7] 22 57 4 K

W2 DL ui B, EUIE R R it e A AR i IR A
I [] B TR it Ak o 5 i — o B 8] ) 2R B R
REUE— A2 RIEFI R, S RCRAR ) ™ B4 Shi
2.4 AEMEELEHNERHEFUE

Wk 5 7R, T2~T6 AbHL 5 T1 AN BRAH HL 48 353U 25
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MR F AR 2 7 B AU LA B 8 2 v
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Table 2 Yield composition of double cropping rice

i 7F Season QLT Treatment 77 Yield/(kg+hm™) TRLT i Thousand grain weight/g 45522 Seed setting rate/%

LA CK 3 879.51+308.92h 25.37+0.29a 84.0020.48a
Early rice 1 5 670.65+113.09a 24.71+0.09a 85.61+0.42a
T 5811.43+102.83a 24.55+0.30a 87.02+0.14a

T3 5658.86x18.14a 24.82:0.36a 88.73+0.43a

T4 5690.36309.29a 27.25+2.04a 87.03+1.29a

T5 5803.95+124.58a 24.81+0.13a 87.74x0.19a

T6 5730.39+2.06a 24.55+0.21a 88.32+0.13a

M A CK 6 114.58+150.35¢ 26.06+0.48a 89.37+0.18a
Late rice T1 8 104.17+104.17ab 23.01+0.42¢ 83.15+1.58ab
T2 8 135.42+210.49ab 25.15+0.14ab 83.54x1.66ab

T3 8131.25+3.61ab 24.1620.43bc 76.40+2.80b

T4 8 500.00+60.14a 24.61+1.29ab 77.94+2.76h

s 8510.42+42.1a 25.01=0.19ab 81.69+4.37h

T6 7 656.25+18.04b 25.19+0.13ab 80.55+2.58h

T R B P EAREDR (n=3) , R/ NG TR BETE 5% KT 285 i3 (LSD) . R,

Note: Data in the table are represented with mean+SE (n=3). Different lowercase letters in the table mean significant difference among treatments at 5%

level (LSD).The same below.
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Table 3 Deep application of different fertilization treatments for double—cropping rice has effect on nitrogen accumulation and

nitrogen harvest index during rice growth period

Bz s B WA E BB TNA at different stages/(kg-hm™) RIS S
Season Treatment SYBEHI/MT ZPFE/HS HERIIFS JAS/MS NHI%

LA CK 7.0420.71¢ 12.47+0.75b 77.34+4.58) 102.35+1.03b 55.19+5.07ab
Early rice T1 12.18+0.17a 23.35+1.68a 105.5623.11a 133.41x14.5a 52.86+4.01b
T2 11.49+1.59ab 21.69+2.73a 102.33+6.98a 123.70+0.30ab 54.34+0.85ah

T3 10.42+0.98ah 20.81+0.43a 104.75+1.68a 129.28+3.57ab 58.94+0.41ab

T4 10.13+0.92ab 20.13+1.99ab 100.62+3.11a 107.59+7.59ab 60.90+2.90ah

TS5 8.93+0.69hc 26.42+4.33a 107.22+3.38a 139.26+2.16a 63.31+0.96a

T6 9.46+0.70abc 23.84+3.34a 102.12+4.45a 129.66+8.12ab 55.21+2.46ab

WA CK 42.80+1.80b 48.63+0.89h 53.57+0.89h 59.79+1.47h 62.80+2.22a
Late rice T1 80.54+1.66a 114.64+9.76a 124.37+4.35a 138.91+0.05a 45.66+3.90c
T2 70.24+3.00a 98.55+1.45a 122.00+1.45a 135.41+3.96a 44.55+1.34¢

T3 69.86=1.94a 106.89+2.61a 116.70+2.61a 131.07£5.08a 50.79+1.05bc

T4 75.89+1.36a 111.89+1.8% 132.58+1.8% 136.79+2.72a 51.5421.90bc

T5 80.28+5.65a 101.76+7.08a 114.27+7.08a 132.73£1.61a 55.5026.15ab

T6 71.45%5.62a 70.3424.86h 135.9+4.86a 136.82+3.18a 48.12+0.44bc

WWW.Qes.019.CN
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T1AbH (HT2~T6 Z A 2= S ER R R EZ 5 AL &l 2¢ 7R, T1 AR B F 28 7 AE it 2 )5 55 3 d ik
& WA TO A HLD PRI FIEAF, 5351 K 4.45 kg -hm - d' 1 8.66 kg-hm™-d",
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QR AR AR IR W EERE, WE 2a TR T 87.6% F190.5% , 7EIENE T 45 2 d ik 2 &5 — ik
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Table 4 Nitrogen utilization efficiency of different fertilization treatments for double cropping rice

GEES pis:l RNEMIBCR FH =% IR AR H % R B 2 RIEARAET™ 1
Season Treatment NRE/% NAE/(kg-kg™) NPE/(kg-kg™) NPFP/(kg-kg™)
Ry CK — — — —
Early rice T1 26.92+0.11d 11.25+0.54a 26.10+2.90b 39.93+0.54c¢
2 36.51x1.52bc 14.22+0.88a 27.63+0.88b 56.34=1.26a
T3 37.07+0.59bc 11.12+0.48a 28.0420.04ab 52.1020.48b
T4 37.93+1.20b 12.30+0.20a 36.36+4.89a 53.28+0.20ab
T5 41.02+0.05a 13.16+3.30a 30.6320.37ab 54.14+3.30ab
T6 35.0020.10¢ 14.12+2.38a 33.50=1.50ab 55.102.38ab
ki CK — — _
Late rice Ti 34.71+1.71c¢ 8.95+0.23a 29.08+1.23h 33.71+0.23b
T2 41.71+2.95bc 11.72+2.74a 40.31+1.61a 42.66+2.74ab
T3 41.39+3.24hc¢ 9.23+0.07a 41.611.61a 40.55+0.45ab
T4 61.32+4.15a 11.2621.96a 42.50+2.50a 47.46%5.37a
T5 59.8624.66a 13.08+0.23a 41.50+0.77a 44.02+0.23a
T6 53.87+3.25ab 10.8020.82a 40.13+0.67a 41.74+0.82ab

®5 AEERAE THIBANERBEFN

Table 5 Economic profit of machine—transplanted double—cropping rice under different fertilization treatments

FHE/GE-hm™)  BERPEA/ (e -hm™) N2/ -hm™) BT/ Ot -hm™)  £558443/(J6 - hm™)

Sti?’:n Trﬁfmﬂem Output/ Fertilizer cost/ Labor cost/ Machining cost/ Economic profit/ Ou):;j{z;ltrlfput
(yuan+hm™) (yuan+hm™) (yuan-hm™) (yuan+hm™) (yuan+hm™)

LYt Tl 14 744a 1487 1920 0 11337 4.33h
Early rice ) 15 110a 1114 0 1200 12 796a 6.53a
T3 14 713a 1132 0 1200 12 381a 6.31a
T4 14 795a 1155 0 1200 12 440a 6.28a
T5 15 090a 1173 0 1200 12717a 6.36a
T6 14 899a 1191 0 1200 12 508a 6.23a
AR T1 21 071ab 1517 1920 0 17 634h 6.13¢
Late rice ™ 21 152ab 1213 0 1200 18 739ab 8.77ab
T3 21 141ab 1238 0 1200 18 704ab 8.67ab
T4 22 100a 1257 0 1200 19 643a 9.00a
T5 22 127a 1276 0 1200 19 651a 8.94a
T6 19 906b 1296 0 1200 17 410b 7.98b

TE:E A (20-10-10) #7 2.20 76 -kg ', THINIE(23.1-9.9-19.8) 75 0% . 10% .20% .30 ,40% & 5 T A M 4% 43 B /2 2.45,2.49.,2.54 2,58 ,2.62 JT. -
o SIRNE(20-8-12) 4 2.20 JC kg™, & FHAE(27.1-7.4-18.5) % 0% . 10% .20% .30 ,40% 25 ¥ B A AN 16 43591 9 2.49 .2.54 258 ,2.62 ,2.66 I - kg,
L ERERFARLIN S H 2.60 JC kg o HBBR AL A T35 0 160 S0 - d7, HUAR— AL 98 HI24 1 200 DG -hm™, ¥R =K R i x B - IE R A - AT
AU S L A5 Ak B FA e £ 2 — B
Note: Compound fertilizer (20-10-10) is 2.20 yuan - kg™, special fertilizer (23.1-9.9-19.8) containing 0%, 10%, 20%, 30, 40% slow and controlled
release nitrogen prices are 2.45,2.49,2.54,2.58,2.62 yuan - kg™'. Compound fertilizer (20-8-12) is 2.20 yuan - kg™, Special fertilizer (27.1-7.4-18.5)
containing 0%, 10%,20%,30,40% slow and controlled release nitrogen prices are 2.49,2.54,2.58,2.62,2.66 yuan kg ".The grain price for early—and late—
rice is 2.6 yuan kg™, the labor cost for transplanting and fertilizing is 160 yuan+d™', the cost of mechanical integration is 1 200 yuan-hm™. Economic benefit
=rice yield X unit price—fertilizer cost=labor cost—machinery cost.All other farming costs are the same .
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Figure 2 Dynamic changes of ammonia volatilization flux and ammonia volatilization cumulative amount in double—cropping rice fields

{8 2.22 kg+hm™+d"' F18.02 kg-hm=-d™, [ifi J5 e 8 [
It —EuFE sl . ERREZE T, T2~T6 &b FEAY 24
PR TH R R B B A W (E, — L AE 2 kg hm
A PUR KT IR AR 248 b T S A R
H, T2 T4\ T6 Ab FEAE it AR J5 26 1 d e ik 2004, 4351
$73.24.2.81 kg-hm™?-d' f12.56 kg-hm?-d™", Z J5 —
BHTE 1 kg-hm™-d" 2247 Y BARAK - 8l o Wil 49 1]
1) 28 #5 & AR AR o UL [E] 2b A 2d, T2~T6 4k FEAH
Fb T T1 A 2 3% 17 it I 22 45 J BB A L IS 43 ) Dk
1> 62.8%~77.1% Fl 65.36%~77.68% , T3~T6 4 FLAH L
T2 AhFRA 5 e R IR/ 5.28%~38.26% F1 29.40%~
35.58%. - WiFEZE T2~T6 kb ¥ 1) 4 4% Kk B
BT T AR ; 76 T2~T6 AbFirh | AR 2 & 4bFi 2%
SR AR ZE T T4 A T6 AT i K T T2 Ab B
A 100 B R it A 3 R 0 2 0/ B ki R 1) L 2R ik
2, RV EHAS N ZE 45 R NE REE— 20U /D S5 R (A
2.6 AEIMEIEA RN RERRIRKAF M

FH T 7K e R0 2 1) S 25 AR AR TN ] 3a i 4a TR, 63
RO . WA I AR A B A A PR — 0, T1 Ab Y
E it BB J5 1 1~3 d 35 31 55 — 4~ 15 39.03 mg - L' FlI

47.35 mg- L, Bifi J5 Rl N B IFAERGAE 7 d J5 T R
13.09 mg - L™ 1 6.30 mg - L™, 43 % F % T 66.5% Fi
86.7%. =5 —AUEAE H BLAEB it /3 BENE S (9265 2 d, 43
24 38.6 mg- L' 133,18 mg- L', Z J5 I A T B, 3T 1E
10 d AT T RAE s AR LT T1 AR BE T2 A TR B A 1
FH TR 7K B 260 0 L R 32 0 301 % T 43.6% Hl1 68.8% .
T2~T6 AbH R A FH T 7K R Rk AR At A A
— 3, AR R AR B A — N, Y R BE A SR
B 55 3 d, 43 9l ik 3 22.15,21.68,14.38.,14.73 . 11.70
mg - L7, Bifl Je R0 B AE — Y L P B 5 A B AR 2
H L T2~T6 AbFR A AR B T A —3, 3 BITE AL J5 1)
5.3.3.5.74d.
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Figure 3 Dynamic changes of surface water nitrogen concentration in early—season rice field
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Figure 5 The content of alkali—hydrolyzable nitrogen in the soil during the harvest period between different fertilization treatments
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