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Effects of Water-saving Irrigation on Residues of Different Periods
Fertilizer Nitrogen in Black Soils
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Abstract: In order to reveal the residue of fertilizer nitrogen in paddy soil under the water-saving
irrigation model in the low temperature black soil area of Songnen Plain, two irrigation modes were set up
in the field experiment, which were controlled irrigation and conventional flooding, and three nitrogen
levels (85 kg/hm*, 110 kg/hm® and 135 kg/hm”) and six treatments. At the same time, by using the
method of °N tracer in situ in the field plot, the basal, tillering and panicle nitrogen fertilizers were
labeled and treated with a total of 18 parts. The residue of fertilizer nitrogen in paddy soil after rice
harvest was studied, and the distribution of fertilizer nitrogen in 0 ~ 60 cm soil in paddy field was
investigated. The results showed that the residual rate of basal nitrogen in paddy soil was 29.7% ~
32.7% under different nitrogen levels, and the residue rate of tillering fertilizer was 54. 9% ~57.3% ,
and the residue rate of panicle was 29.4% ~35.4% ; the total residue rate of fertilizer nitrogen in soil
was 36.4% ~37.1% , the residual rate of the fertilizer nitrogen in the soil was higher than that of the
conventional flooding irrigation under the same nitrogen application. There were significant differences in
the residues of fertilizer nitrogen in the same depth soil under different irrigation modes. Under different
nitrogen application conditions, the residue in rice paddy soil (0 ~20 em) was higher than that in the
normal flooded irrigation mode during the growth period of paddy-field. The residual amount of 20 ~
40 ¢cm and 40 ~ 60 c¢m soil was lower than that of conventional flooded irrigation. Compared with the
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conventional flooding irrigation, the rice-irrigated model can improve the residue of fertilizer nitrogen in

root soil (0 ~20 cm), and reduce the loss of fertilizer nitrogen, and the residual fertilizer nitrogen can

supplement the soil nitrogen reservoir in the black soil area to some extent. It was beneficial to soil

protection and fertility improvement of paddy field in black soil area. The correlation analysis showed that

the total residue of fertilizer nitrogen in soil was positively correlated with the residue of fertilizer nitrogen

in soil, and the residue of basal and spike fertilizer was significantly positive. The research results

provided a reference for the formulation of suitable water and nitrogen regulation model in the black soil

region, effectively managed and made full use of residual nitrogen fertilizer, and improved the paddy field

ecological environment in black soil area.

Key words: black soil; water-saving irrigation; nitrogen; nitrogen residue; isotope tracer technology
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=]

SR/sC
G5,
i
=
o
“n’\nm
e =
G
=
Sls
1
(=]
S
[ 1 & /mm

during rice growth period



242 1 R = S 4 2018 4
F1 K TEEEREE
Tab.1 Basic characteristics of tested soil
— +2RE/ ﬁ*ﬂ)ﬁ}ﬁ%m/ wﬁﬁ@ﬁﬁﬁ%w/ ﬁ/}‘w&)ﬁ%tt/ iFE%I’Eﬁ?JﬁEI‘H:/ o -
cm (g-kg™) (mg-kg™) (mg-kg™") (mg-kg™)
0~20 40.6 186. 8 34.9 106. 8 6.6
Bt 20 ~40 36.9 152.6 30.3 96.9 7.0 WE+
40 ~60 32.7 135.3 24.4 90. 3 7.2
1.2 &gt R 24 b 7T 7K FE T T 3 B R R 3 AR
1.2.1 /DX K (4liz) , BN N1(85 kg/hm®) N2(110 kg/hm’) |

K K 5 Rt S0 PR R BEALIX 43R5,
B2 AP L R (C) CEHLBIE(F) , K
FEA ) £E 5 I 300 4% Ak 381 4 398 7K 4348 307 1R I
22, IKAEEEHIE WA SR /KRG R T 30 H AR O ~
30 mm VRHEKJZE 3 BEA G R 20 AR VE T
A HARR T BRI KE , IR 20 585
TR Ry s Tl s i VR K IR TR RN K 2 5, HE K I
BN R SRR ST B S KR TR
S BIBUEAE AR E 4 e, TPIME — PICO64/32 %1
KA E A T4 H 07.:00 F1 1800 43 51 52 4%
Y/ NX EIEE AR, Y+ HES KR s KT 4b
FRVE K R BRES , N TR EWEK LR, 4ERE 35K
RADTFAH R A B B B E K 1 BRI K R R 22 18],
T S5 2% Ak FURE I B 7K 5 5 H T R A 3R ) i /)
X T4 H 0800 381 1 e 15 g 188 RS2 B T 7K )2
TRIE , DI 2 75 T B K

N3 (135 kg/hm® ) , LA Xof fe A4 it 260 e 1 4= 2R
AT IR T, IR AR BRI T L 3,
A E 3 BRI 18 MR /NX BN X
100 m* (10 m x 10 m) , £5/N X2 [] 35 ) i Y
1% 40 em TR BRI, B 1E 45 /N X ] A9 7K /38 e
R A SEAE BEAR FEAC b 2 L] 4. 5:2: 3.5 43
fiti, £ Ab B W #OIE & 3 — 2, i P,0,
45 kg/hm” | K,0 80 kg/hm” , 8 AE7E A5 4% /i — X Pk ife
F AR TR A0 MUK ARG 8. 5 g4y 2 Wit L e
FOB A 1e 1, S e P 24 b A T AR A G 7K AR
FPORPRRE 3 5 76 700l 1 5800 & B ol 9 & 2F 1
FhF5 8 A, 9T 5 A 17 HBEU S 17K
A AT AR, ¥R IE 16. 67 em, 77HE 30 cm, £E9X
JE 3 BR,9 H 20 HIH], AT 126 d, TEK A4
KB B ST bR B B iR R DA B 5 e K A 5 4
W

*2 HHEBHASLRELRKSEEAR

Tab.2 Different water management patterns at rice growth stages

b R SYEEVI SYEBEREIN SYEEAR I PRI R FLEH H U
2 T TR 0 ~30 mm 85% 6, 85% 6, 17 85% 6, 85% 6, 70% 6, T
HRLE E 10 ~50 mm 10 ~50 mm 10 ~30 mm it FH 10 ~50 mm 10 ~50 mm 10 ~30 mm T
.0, 0 B FK R,
#3 AEaEigit
Tab.3 Design of experimental treatments kg/hm’
INES St 25 30t 2 NS it 2530 it A
AR =X . TR IX IR - HEMEA y Rl X 3 o -

R 7y SR TR P ORI g e

CN1M1 38.25* 17 29.75 FNIMI1 38.25* 17 29.75

CN1 CNIM2 85  38.25 17*  29.75 FN1 FN1M2 85  38.25 17 29.75
CN1M3 38.25 17 29.75* FN1M3 38.25 17 29.75*

CN2M1 49.50* 22 38.50 FN2M1 49.50* 22 38.50

PR CN2 CN2M2 110 49.50 22 % 38.50 || WOHLMEME  FN2 FN2M2 110 49.50 22 38.50
CN2M3 49.50 22 38.50* FN2M3 49.50 22 38.50*

CN3M1 60.75% 27 47.25 FN3M1 60.75* 27 47.25

CN3 CN3M2 135 60.75 27%  47.25 FN3 FN3M2 135 60.75 27%  47.25
CN3M3 60. 75 27 47.25* FN3M3 60. 75 27 47.25*

o AR N-IRE
1.2.2 fiXikss H 2R RSN, 7 LRI/ N N E TN

T WA TR K SR AN TR st 300t A SRURE A

RERTIIX (BIX A KA R AR 2R B /N X)), 41
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Fig.2 Retention amount for labeled-""N and retention rate for labeled-""N in paddy soil under different treatments
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21.9% F1 17. 4% WF 58 45 5 2 B, A 16 4 o) i T A
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Tab.4 Percentage of residue of fertilizer-°N in different

soil layers to total residue of fertilizer-""N

AL JRATEL- N 5% 8 b T

oo MEEE X
RN (kg-hm?) AR BB H /%
0 ~20 cm 20 ~40 cm 40 ~60 cm

85 51.9" 28.9° 19.3*

7 R R 110 59.0° 25.3" 15.7"
135 56. 8* 27.7° 15.5°
85 40. 4" 35.3¢ 24.3°

B 110 42.5° 35.3% 22.3b
135 43.7° 34.1° 22.2°

R RIFIARNG SRR A ) HE AR 2R [ 2K
BALE P <0.05 K P ERRE TR,
2.2 ARKEHETEBESELERORE
Pl 3a 5, PR REBEASE 2 LA 6 25 7 - 1

HH R R B A e it SR A T 2 R, AN ] i 2
N REVERS A NI A R AE 0 ~ 60 em 1
H 5% B M 11,4 ~ 19. 0 kg/hm? | A 24 T30 A
Zt B Y 29. 7% ~32. 7% 5% B AR Rg H g
WHEFEAN IR 4 10. 1 ~15. 3 kg/hm® 4124 T L AR
R EMH MY 25. 1% ~28. 0% 5% B3 76 7 H 4
W (& 3b) AR R 20T RS AR 3 AT = AR
REFELE PR SR W ESINT
12.3% .16. 6% Fi1 24. 8% , i 56 4% JF 3¢ W A 4 $2 1l
A UL R R AR T PR B R L Y
RN N2 T N3 Ah 35BS 1 o Sy =X 2 T 45 1 BE
RARBREEPREER RN L 2ES B
(K 3¢, EH ns #BARTE S% K EARE, TR ,FE
PEF TR T R A R b SR A
39.5% ~39.9% K H FTRIEAZWERE, BT
R K HEME (P <0.05)

i TSRS K AR RS AR i b A 2R L rh iy, —
KRR S R R R AR H T &5 T 5688 07K
ARKRE R, IO R EE £ )2 g i SR AL % 7
AT LA - S R R EAS  BE B R R iz B 15
M), AN E il P N-FR 2 B K AR AR s e A 4
T A AN ] it R N IR R AE 0 ~20 em +
JERRBE RN 6.2 ~10. 5 kg/hm* ;20 ~40 cm + 258 B
#H3.0 ~5.7 kg/hm*;40 ~ 60 em + 25k % 1N
2.1 ~2.8 kg/hm®, A[A|FEBEARL 2 (B L AL A E 7
ANFREE TP R B 2E R % (P <0.05),5
B EAR L, R R AR O I A R AE 0 ~
20 em 5% B A, [A)— it UK 7 T HH R
BT 52.1% .66.7% F1 67. 4% ; i 7E 20 ~ 40 cm
F140 ~60 cm 1 2 5% B ALK, A — it B K R
20 ~40 em Py FHENE K 50 B R ECH AL ERRAR T
10. 8% 22. 8% 1 1.9% ;40 ~ 60 cm 1 )Z AU %% B4 &
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Fig.3 Retention amount for basal-" N, retention rate of basal-'"N and proportion of basal-"N retention amount in soil

total retention amount from fertilizer nitrogen under different treatments
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Tab.5 Percentage of residue of basal-"N in different soil
layers to total residue of basal-*N when only basal

fertilizer-N was *N-labelled urea

AL JRHEAE- N 5% B A

57.3% (K 4b) . 5% HU LA L, R 3 il vE
R R [R] it UK T BERE & FE e R H 3 b g%
BMEIINT 9.2% 11. 1% 1 23. 8% , Fifi 45 Jiti A &+
R B AC, ARAE F il T TR B I 5 B o (1% 348 i v T
TEVE . XF L P RR R R X T A R ) AR i
FEAS WINER R R Bk B b 5 LL T 0 (B 4e) ANA
it U oA N3 R Iy 2 22 ) 45 AR AU R
MR P EE IR R R AR B T 22 S B IR
T RS T W XA IR R R A g rp ik

Y

e = (fff_z) : 2Oﬁﬁlé‘ﬁif’%gﬁﬁﬁti;%6o SR 31, 0% e I T AT AR R B e
85 54. 2fm 2. o’lcm 18 7:m WINT 4.4%

B 10 so0r 2500 150° SIS BRI E FH'® N-FR 25, 6 FF 25 1 0 A
135 55.2" 30.3° 14.5" R[]t 8 H R i T 1 BE P S 1Y 31. 3% ~ 36. 5%
85 40. 0* 34.0" 26.0° FREALE 0 ~ 20 em 21, 12.4% ~ 15.3% 5% B 1E

L 110 41.9° 37.8* 20.2" 20 ~40 em L2117, 6% ~ 10. 29 5 B £40 ~ 60 em
135 41.2° 37.1° 21.7"

2.3 ARKERAETEREZRETEPHKE

Kl 4a Fros , IR EBERE T BEND A R AE T 4%
A )2 BB BA S 3 i it R0 1% 3G m T 1 K, AN [ it
RUKF T R /e il X T B A R e R =
FIBRBE N 9.7 ~ 14. 8 kg/hm” | BEACL R K AE + 3%

IR PR AR A [t KO T BB AR A
I — VR )2 B 5% B e 6 Eb T A AR s o T R A
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