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Abstract: In order to reveal the uptake and utilization of nitrogen fertilizer at different stages in rice
under water and biochar management, the method of combining field plot experiment with micro-area was
used, and the "N tracer technique was used to mark the application of basal fertilizer, tiller fertilizer and
panicle fertilizer respectively. Taking conventional flooding irrigation as a comparison, the uptake,
utilization, accumulation and transportation of basal, tiller and panicle fertilizer in rice under different
water and biochar managements and the distribution of nitrogen fertilizer applied at different stages of rice
maturity in different organs under two different irrigation modes were studied. The results showed that
reasonable water and biochar management could significantly increase the total nitrogen accumulation,
nitrogen uptake and utilization efficiency and yield of aboveground parts of rice at maturity stage. The
contribution rate of fertilizer to total nitrogen accumulation under different water and biochar managements
was about 17.81% ~ 20.60% . There was no significant difference between the two irrigation modes
(P >0.05). The uptake and utilization rates of basal fertilizer, tiller fertilizer and panicle fertilizer in
rice were 15.55% ~23.31% , 31.68% ~44.91% , 48.82% ~71.18% , respectively. The application
of appropriate amount of biochar could significantly improve the uptake and utilization rates of basal tiller,

tiller and panicle fertilizer. The uptake and utilization rates of tiller fertilizer and panicle fertilizer under
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dry-wet-shallow irrigation mode were better than those under conventional flooding irrigation except basal

fertilizer. The uptake and utilization rates of tillering and panicle fertilizers were positively correlated with

the total nitrogen uptake and utilization rates of fertilizers (P < 0.01), and the contribution rate of

nitrogen transport of basal, tiller and panicle fertilizer to grain was positively correlated with the

corresponding uptake and utilization rates (P <0.01). Reasonable water and biochar management can

improve the contribution rate of nitrogen transport to grain and the utilization rate of nitrogen absorption,

and reduce the residue of nitrogen fertilizer in soil. The results can provide theoretical basis and technical

support for the application of water and biochar management model in paddy field in cold black soil

region.

Key words: rice; water and biochar management; nitrogen absorption; nitrogen transport; nitrogen

distribution ; isotope trace technology
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B35 VUG 0] 1 B4R 2 mm JURLTE X RS AR
H(EBRIKSr) 29 2.5 v, pH {H 8. 86, & ik Jit 7t 77 %
42.72% JEFEH R 0.13 g/em’, LR T 81,85 m’ /g,
BAL % B 0.080 em’/g, BH B F 58 i i (CEC) Wy
44.7 cmol/ kg ft i 1 3 Jy B 4, 76 B Z A, Ak
B/NIX 0 ~20 em 24T 5 SO ARG IR A L 4
Br £ IR ALY T, pH {E 6. 40, A HILJTT BT & L
41.80 g/kg, 4 A Ji &=t 1.51 g/kg, 4 B I &
15.61 g/kg, 48l i it Lk 19. 86 g/kg, Bk fif %0 4t He
148. 27 mg/ kg, T8 &% B 5 b 24. 22 mg/kg, 5 A4
o b 156. 13 mg/kg, il /K f 5 Bk B 58 X KT
FRHE T FiR ) 22 18 B iy 25 70/m’,
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(10 4F3f FH 4, B4) o L3 8 A4 BE, 4 A 4b FE 3 Wk
T I 24 M RI/NX I /N X AL 100 m® R A
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Tab.1 Water management during each growth period of rice field
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VRS T T 0 ~30 mm 0.8560, ~30 mm 0.856, ~30 mm 0.856, ~30 mm 0.8560, ~30 mm 0.7, ~30 mm % T
H B E 0 ~30 mm 0 ~50 mm 0 ~50 mm 0 ~50 mm 0 ~50 mm 0 ~50 mm %t

VI« A T O R T 3 K R FREL D 50 mm 5 ML G 9 A R K DR B FRE D 100 mm, 6, A AR - AR A K R
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Tab.2 Design of experimental treatments

INDR. AW it ﬁﬁﬁ(%%/(kg-hm’z)

ANIR AW AR A i BR % 4/ (kg hm ~

~

i (t-hm %) P HEE Be RN A (t*hm™?) PR S e BEN R
DB1MI1 119~ 47 71 FBIMI1 119° 47 71
DBI 0 DBIM2 119 47" 71 FB1 0 FB1M2 119 47" 71
DB1M3 119 47 71" FB1M3 119 47 A%
DB2M1 119" 47 71 FB2M1 119° 47 71
DB2 2.5 DB2M2 119 47" 71 FB2 2.5 FB2M2 119 47" 71
DB2M3 119 47 71" FB2M3 119 47 71"
DB3M1 119~ 47 71 FB3MI1 119~ 47 71
DB3 12.5 DB3M2 119 47" 71 FB3 12.5 FB3M2 119 47" 71
DB4M3 119 47 71" FB4M3 119 47 71"
DB4MI1 119~ 47 71 FB4M1 119* 47 71
DB4 25.0 DB4M2 119 47" 71 FB4 25.0 FB4M2 119 47" 71
DB4M3 119 47 71" FB4M3 119 47 71

T AR A2 NSRS
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ST AR T+ 4 o B R SR i, IS X SR B AL
PEHCE A AURAEA PR 3 7, 5 K A A Ak B30 A

S I BE 3 ), vh T i R R A R AR AT [l 5
Ko AT AR 105°C 47 30 min, 2R J5 ¥ 2 80°C
THRJE PR R 0L B T4 R BR S ORE R A
PEAT AR IR AL B, 2 80 H B 1 2, M A H,S0,- H, 0,
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Fig. 1  Daily variation of air temperature and precipitation
in 2018
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V38N T OKFE WA SRR TR A LS5 SR H
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FsF, 7K R o 22 S T e o A X 2 () A % 7 o A R
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Tab.3 Effect of biochar application amount on

2.1

yield and its components

- AHRREE, ThL  g5se/ e/
(BE-hm %)  RE kg %o (kg-hm %)
DBl 3.25x10% 123.62" 23.72° 86.07° 8196.30"
DB2  3.42x10° 111.92% 24.36% 88.68! 8277.64"
DB3  3.54 x10°" 106.41° 26.98" 91.21* 9265.87"
DB4  3.67 x10°* 100.22" 25.57° 90.06" 8 468. 38"
FBI 3.20 x10% 128.82* 23.28" 84.28"  8086.22°
FB2  3.34 x10°" 117.64° 23.93° 86.45° 8134.80°
FB3  3.42x10° 109.73° 25.98° 89.62° 8730.77"
FB4  3.57 x10°® 104.67" 26.13> 90.13" 8811.43"

VE ISR /NG b 2 R U TE P <0..05 K P25 5 8.3, F Il .



LR

SRS % RMEK iz % T BB IR 32 5 53 BE I N /R B 4 A 243

W 12,5 t/hm® 1 25 t/hm? &5 R it A= 4 ¢ K R 7 e
BT 13.05% .3.32% , 5 5 LV A L, R T
VHE TR A% 5K R A AR [ A 0 0 it FH 7K - (% 25 +/hm*)
TR M 1.36% ~6.13% , FYI R T #
TS =B R T K R ™ o 0 B R TR B RE Y 249 7
K

H & 2 (B AR /NG FRER IR AH [ AL FREE P <
0.05 /K257 83, TR Al 1, K 5 is % B K g E
PR IR R "N S B 7 32. 49 ~ 44. 62 kg/hm’ i
Bl Nk, R 2 M B fE 182,42 ~216. 56 kg/hm’
AR, AR N 0 ~ 12,5 t/hm® i,
TR ARG 280 A e R A 2 22 ) RN B R
MARSHAEZ R B E (P <0.05), 54 B i
AL, N T R U R KRR AE 3 A A= ) o i T /K
F-(0.2.5.12.5 vhm® ) ¥ HAT &8 1 HE RN 1 2
ORI 2 AR B R AR VRO T R K R AR
=" N AR A [R) A R it FF KT 450 L T
W T 5.20% .9.88% . 11.91% ; & % Bl 2 &
e T 4.25% 5.87% \9.30% , I HIR M T HE WL
T 31.07% ~40.56% 1) NE AL R K Bl K 5 A bk
WORT R, 268 [R) A= 90 it FH 7K PR 2858 10 1 8 4 v
T 5.20% ~11.91% ; A [a) K % 38 % T IER-"N X
RELHRE N TTHCEN 17.81% ~20.60% , H.H
Fob 8 TR ASE 5 45 Ak B 22 ] AE L N K R A PR R
EOMBERM TR E2ZF (P >0.05), R
LR, A W At N B O ~ 12,5 +/hm” B, i £
TR T T W ASE 0T A R A I WSOR ARG T 5 L

60
o O T W A
E 5l
=350 a b b
2 | ¢
ﬁ O ey )
gi 30
= 20
% 10}
2]
0 0 25 12.5 25
Ayt I/ (- hm™2)
50
OV T WS EE
b b
o 40 c
& ) d
¥ T f f
301
ol
=
= 20+
=2
& 1ol
0 0 25 12.5 25
APt FHE/ (- hm ™)
B2 TR [a b R RS AL e BT RN B 2 AR AR

A HESBURE/ (kg hm™?)

EAH="NG 2R B AR B TR %

HE KRR R BB R 244 Y 0% 6N & A
25 v/hm? i, R AE B 0 v 28 455 =X 0 A R R0 25 A I ke
AN TERE TR, H_F LR A8 E (P>

0.05) .
2.2 KRRIEETKEBHRAHERER. ER.E
BE &9 B 14z F) FA

B 3 R, 7K B3 % T A3 AR it FH O N-JR R
KA XoF I A W R #8 Ry 15.55% ~ 23.31%
WS VHE A S R AR N AR B R KRS A AR )
JIES W S ) P 258 08 i A A= ) it A S T 48 i 1 K
A 17.11% ~23.31% 11 3 BB 50 R 4 7K F8 A 1k I i
FI e I 1 8 T A X KRR 0 A& A Y AR
JE-CN FHE B2 8.55 ~ 11.25 kg/hm*, 4 A= ¥ ¢
WA 12,5 t/hm” fil 25 v/hm’ B}, {4 20. 45% FiI
19. 56 % 1) K& N B 7K R AR W UC A T, A [ 8 T A =
PO B, A0 VA A X %) A A R S W s AR P 3R A
IR T WA S Y 1 10, 37% W g8 45 SR R,
TR T TR R ASE X K R R R T I ) R SR AR it
Tl — R ek 9 A 0 5 i A% 348 N JE AN AR R R AL AR
WSR2 T e A 25/ hm 4 A 99 ¢ 6 SEHE - N R
Fa LN R ORI A 2 7 A RO o AR IE i
AUN-JRZ I, K 32 % T e HE X K R AR kR R B
TR £ v R RR B A2 ) o it A B 1G0T 3G O, R AR TR
T A LT X KA R SR B R s EkR
H4.59% ~4.99% ARTFH AR, Rl AR
WAt Il 25 ¢/ hm B, 5 L MR SRR X KRG
2 AR R A 1 TTBRR B T HE R 21. 88%

250 OB T MW AN .
. d ¢
200F 1 f f
150
100
50
0 0 25 125 25
st 2/ (t-hm?)
30
OIP TR W R
a a a
20 bb by,
101
0
0 25 12.5 25

AW R/ (- hm )

S U WRBOR) S RIE A= N X8 3 AR R 1 T ik R

Fig.2 Above-ground N and total N accumulation, nitrogen uptake and utilization efficiency and contribution rate of °N

to total nitrogen accumulation at mature stage under different treatments
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Fig.3 Basal —°N accumulation, basal fertilizer —'°N uptake and utilization, and contribution rate of basal ='"°N

to total nitrogen accumulation at mature stage under different treatments
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Fig.4 Tillering—"N accumulation, tillering fertilizer —"°N uptake and utilization, and contribution rate of tillering —'"° N

to total nitrogen accumulation at mature stage under different treatments
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Fig.5 Panicle —"°N accumulation, panicle fertilizer —'° N uptake and utilization, and contribution rate of panicle —"°N

to total nitrogen accumulation at mature stage under different treatments
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Tab.4 Translocation, transport rate and contribution rate of basal "N, tillering —°N and panicle - N of rice at mature stage
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THE T A 5 b 3 ¥/ HEFs s/ KR/ HER/ s/ KeRs iR, st/
(kg-hm %) % % (kg-hm %) % % (kg-hm %) % %
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Tab.5 Basal - N, tillering —°N and panicle —'°N accumulation in aboveground parts at maturity stage kg/hm’
. RN BEJR-N MR- N
WWE  gbm - m— -
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Tab.6 Correlation coefficient of nitrogen uptake, transport and distribution in different stages of application
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