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Effects of Straw Returning on Nitrogen Composition in Paddy
Soil under Controlled Irrigation
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Abstract; A continuous in situ field experiment from 2017 to 2018 in the cold and black soil region of
Heilongjiang Province was carried out to explore the effect of straw returning and different N application
rates in successive years on nitrogen composition in surface soil of paddy field under controlled irrigation
mode. Two straw returning levels: 6 t/hm® and 0 t/hm*, and four N application rates: NO(0 kg/hm*) ,
N1(85 kg/hm’), N2(110 kg/hm®) and N3 (135 kg/hm’) were set, a total of eight treatments. The
changes of ammonium nitrogen (NH, -N) , nitrate nitrogen (NO, -N) , soluble organic nitrogen ( SON),
3N content and total soluble nitrogen distribution ratio in paddy soil surface after straw returning were
analyzed based on nitrogen stable isotope technique. The results of 2-year experiment showed that under
controlled irrigation condition, straw returning increased the ratio of SON to total soluble N, N
mineralization and the content of 8N in soil surface layer. The SON content in the surface soil layer of

treatments with straw was lower than those without straw at different N application rates. Among all the
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treatments, the NH, -N and NO, -N contents in the surface soil of N3 treatments were decreased by
40.3% and 38. 7% compared with those treatments without straw at the same N application rate. Straw
returning promoted the existence of total soluble nitrogen in the soil surface in a more stable form of SON.
Straw returning improved soil nitrogen supply capacity compared with treatments without straw returning,
there was no significant difference in N mineralization in the surface soil between NO with straw and
With the increase of N
application, the N mineralization in the surface layer of soil treated with straw returning was significantly
higher than that without straw (P <0.05). The high content of 8N in straw promoted the enrichment of

maximum N mineralization of the treatment without straw (P > 0.05).

8" N in soil surface. There was no significant difference in the content of soil surface 8N between the
treatments of N1 and N2 with straw and treatments of N2 and N3 without straw. The content of soil
surface 8" N of the treatment with straw was significantly higher than that without straw ( P <0.05).
Moreover, the correlation between total soluble nitrogen and NH,”-N, NO, -N, SON and "N in the soil
surface was changed after two years of straw returning. The results of this study can provide scientific
basis for the feasibility of straw returning in Northeast China, which had important significance for
ensuring the sustainable utilization of agricultural water and soil resources in Northeast China.

Key words: paddy soil; controlled irrigation; ammonium nitrogen; nitrate nitrogen; soluble organic
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Fig. 1 Changes of daily air temperature and rainfall during rice growth period
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Fig.2 Inorganic nitrogen content in soil surface (0 ~20 cm) of each treatment after rice harvesting



LR

2 A B T A AR AL N AR F R R A R B 233

QbBRRE 1. 2% 32. 1% .53.1% ,NO; -N % %5 NO
AbBEREAN 3. 7% 30.3% .32.8% ,SON & % NO /b
HHIA 8. 8% 9. 7% .11.8% ;2018 4E N1 N2 N3 kb
HONH, -N 4 & % NO &b B3 2.9% . 21.6% .
47.7% ,NO; -N &% NO Zb 41 0. 9% 13.5% .

%, 100
—
&0
¥ /A——kf’*
S 0 k,/lf 3 —3
]
= —A— TR —e— JEIFSFT
Z 60 : - ' !
Z NO NI N2 N3
MR E AL
(a) 20174

56.0% ,SON & 4 %% NO 4b FE 54 fi 3.2% . 4. 6% .
5.8% o JORS AT A [ AL BN -N & R R T
NO,; -N 45,2017 4 NH, -N %45 T NO; -N i
21.02% ~31.53% ,2018 4 NH, -N % & & T NO, -N
Biw 4.10% ~15.19% .

T 100
)
io
E ;; :
S 80
\ﬂg‘ —A— LR —e— AT
z . ‘ . .
2 =0 N1 N2 N3
i R A P
(b) 20184F

3 AIRALFEKFE YR G L3RR (0 ~ 20 em) SON & 4

Fig.3  Soil surface (0 ~20 ¢cm) SON content of each treatment after rice harvesting

Jiti fin A% AR J5, 2017 4 NO 4L B NH,-N & & 4%
N1 N2 N3 kb H 4 5] 340 34.9% .19.9% ,10. 6% ,
NO, -N & 4> 738 26. 4% 37.0% .48.7% ,2018
A2 NO b ¥ NH, -N 4 548 N1 N2 N3 4b 5 43 31| 4
N 35.0% . 21.7% 14.2% , NO; -N 7 & 43 5 3 Jn
20.1% 50.9% .52.7% ,2 4F N1 N2 N3 kb3 NH, -N,
NO; -N & 2 B & Jit 2 &= 1Y 3% hn 2 8 34 . 2017
4E NO 4b B SON % £ 4 N1 N2 (N3 4k #4351 3 />
5.9% 7.2% .8.2% ,2018 4 NO kb ¥ SON & & 4
N1 N2 N3 4k P43 59 2> 7.5% .8.3% ,12.5% ,2
AF SON 5 i Fifi 5 it 280 £ 38 00 110 328 ¥ 184 00 o it fn A
#J5 NO N1 N2 4b#E NO, -N &5 F NH, -N 5 &
2.0% ~24.5% ,N3 4b ¥ NO; -N % % F NH, -N
G 13.3%

TEAH Rt A& K P, 2 4R it i RS AT NO 4k 3
NH," -N & &5 T JCH AF NO A0 3, it A5 FF N1 N2 |
N3 b3 NH, -N & &K T JC 5 #F N1 N2 (N3 4b 3,
Horp N3 4P NH, -N & 580 T 40.3% . 2 4E it
JNFSFE NO N1 b3 NO, -N & 53 & F L5 #F No |
N1 Lb B 7t AS FF N2 (N3 b3 NO; -N & 5 LT

JOREHE N2 N3 b3 I N3 43 NOS -N 35 B >
By, N v, 22,

LT

s

IR R ST AR EL %

NO NI N2 N3 | N0 NI N2 N3
ToREFE i RS FE
Jite S = Ab 3
(a) 20174F

T 38.7% . 2 AEJit SN A FF 45 AL 3 SON & &= LT
JoREFF AL
22 HEHEBRTERATIEHEAREAEXN LER
BEEAAMRSELFIZEHR I

e V4 i B WA U, A AR I 5 O [ it R
XK R WSO Je 4 HE 3R 2 5 R P A 0 T L 48] 7 5 i)
DL 4 SRS, AR U 2 AE AT S
Jiti JI0 A A A 3 A B8 2R )2 S AT i M R A I L M3
KF M, M, 2 FFR5 R, RGBT,
2017 4ETCFEFF N1 A3 M, % NO 4b 38 /)N 6. 3%
M8 /N 4.1% , N2 N3 40 3 M, % NO 4b B 14 K
17.8% 32.7% , M, % NO ¥4 K 16.2% .15.0% , N1
REFR M, %S NO b PRI K 0. 7% ,N2 N3 4B M, % NO
REFRYE /N 2. 1% 3.0% , 2018 4E TG FEFF N1 A BE M,
i NO LB /N 0. 1% M, /N 2. 1% N2 N3 4bFE M,
i NO Ab BRI K 14.2% 31.6% , M, ¢ NO Ab 3 14 K
6.7% 39. 1% ,N1 ZbFH M, %5 NO L3I K 0.2% N2 .
N3 L M, %5 NO A8/ 0. 2% 5. 7%

i RS FFJ5 L2 4F N1 N2 (N3 Ab 3 M, [ 45 it &
I 3G 0BG OR, M, % 980N, 2017 4E NO 4b B
M % N1,N2 N3 4b 3 43 5 3 K 36.6% .23.2% .
14.6% ,M, 4y H 34K 28.0% .40.7% .54.2% , 2018

By, NN v, 222 m,

AEVEELL

—_
(=3
(=2

®
=

g

s

=2

=

xR

& 60f

=

fo

= a0t

5‘;@ 20}

B

TOOTN6 N N2 A3 N0 NI N2 N3

TCAEFT TR FF

== U5
(b) 20184

K4 el b K RO G 3322 (0 ~ 20 em) AT V4 & 20 iE HL 1

Fig.4 Distribution ratio of total soluble nitrogen in soil surface (0 ~20 ¢cm) of each treatment after rice harvesting
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F A WU BE A 2038 s+ A PLS R o i AR L+
RSB MG RIH/NER Y, 2017 4E 12018
AR TV AR SR, A AT I8 H 5 AN TR i 2R s Ak B K
FEUSCIR 5 1K (0 ~20 em) 3N F iR ANEE 1
No 2 RIS b, ] E A 0T, 2017 AR RS AT
NO Ab B+ 3R J2 8N & Rhg N1 N2 N3 &b B 43 1]
WA 27.5% 8.6% 2. 1% ,2018 4 LS FF NO 4k 3
TR Z SN Fr A N1 N2 N3 3300 22. 1% |
6.6% .1.9% ,2017 4 N2 N3 4h¥ +3E £ 2 8" N &
A N1 BB BB 17. 4% 24.9% ,2018 4F N2,
N3 Zb PR+ HE R 8N & A N1 AL 34 513
14.6% 19.8% (P <0.05)

R1 FAEREABRKELERE(0~20cm)"NEE
Tab.1 Soil surface (0 ~20 cm) 3N content of each

treatment after rice harvesting

Jiti R/ TRERF VN & /%  HaMFSFF 8N gk %
(kg-hm %) 2017 4¢ 2018 4F 2017 4¢ 2018 4%
0 0.579" 0.585" 0. 606" 0.611*
85 0.454° 0.479° 0.535" 0. 547"
110 0.533" 0.549" 0.556" 0.563"
135 0.567" 0.574" 0. 589" 0.592*

T < R SN ) 5B 7 4k B ) 22 57 236 (P < 0. 05) ¢

Jit 0 A AT, 2017 4F NO 40 FR - 38 2 8N &
5 N1 N2 4 B8 45 5048 m 13.3% .9. 0% ,2018 4F
NO b+ 322 8N & BEAE N1 N2 b 43 53 18 i
11.7% 8.5% ,2017 4 5 2018 4F N3 b ¥ +HEHR 2
3N & it 5 NO b H LB EMEEF(P>0.05),

HE A FF N1 N2 4b ¥+ 32 8N S5 1
FEFF N2 N3 4 BJG 08 2 1k 25 5, e 0 % FF N3 b B
THERIE 8N S B T RS FF N2 N3 JhFL(P <
0.05), +HARERMETENSEAETEATR
(1385 HLA AR A 10 35 /8 A, AS B0F 95 3 ok % 1L 43 #r
22 1) VR R AL T S T AR 5 A [ vt R Ak B A g R
J2 8 N & AE N AR AL FE B A AU b AR R
HEE TR .
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2.5 EHERTIRRESTAEESEAS

R "NZEMNHEXXER

2 1l A 2T R AT P55 AN TR i 2 Ak K
RO G £ 4 AT RS A AL 5 B B 8PN
ZIBAOE RN AR 2 iR . BT L2017 4R 5
2018 4F R HE R AT R S R S IR A LA S
A A L8N i Z ] A OGP R E T Bk
o WEMNAEFFIG 2017 4E AT PEA HLA S 2 5 BT
VPR S T AR O th 2 IR DGR O TE A G, B
ARG RS R RTIEERS BAAR OCE t IE A DGR
TG A A S 5 STV PR A i A G
TEA OGS B 3 IE AR G0 2018 AR B A R & i 5
AP R A AR S . I R O AR R A O
A A5 5 B AT RIS P T A 5% AR R A
e, 1N gt N T VA PR A AR DGy TE A DG AR
ARG o B A B Y B DR A B BR T RS AT A
Bl —E IR RN, AT IE X+ R R A
feter= 4 T E B W, 2017—2018 4 JO RS AR AL
AT A LA & i R ] T v A A R A G,
T IR AR SR A W T IR G B S R S BT TR R
f K OGP Eh AR DG AR A 3 IE AR OG8N R B
AT R R R OR SC T el BAAH 06 AR BIE A K
2017—2018 45 it fin 5 FF 4k BE i 25 %05 B 5 S 0T
PERE AR DG i i3 IE A SR A IR AR G o Al
PEA LA S A VSR SN S 5 Bl A
A I A AL UL B A AR RS B R4
3 LA 87N 5 B OC 3R AL A AT A8 5% 0, 36
A R A N R B L R 2R o HAERS AT ik 1
SRR S R L Al 1 3 R AL A A A T
— BT

R2 TRLEABYRRELTERE(0~20cm) ZEME
RERAH SN EFEZHENEAXRY
Tab.2 Correlation coefficient between total soluble nitrogen
and nitrogen components and 3N content in soil surface

(0 ~20 cm) of each treatment after rice harvesting

MRS

Ay ZH
TCHs#F Jiti i 4 FF
AEMHEA A S & 0.971" 0.931
AR R 0.873 -0.257
2017 L
Tt 25 4 o it 0.894 0.952 "
3N i -0.110 -0.158
AL A LA S 0.925 0.943
LY Nl Ty 0.982" -0.305
2018 ]
HER &&= 0. 946 -0.797
3N fr i 0.185 -0.094

W x Fm P<0.05,

3 itig

TR EE ST RAMANA VA S
AHLE SRR HE DA mEaE™ . AR+
Herh s K 2B R E A VLA A A LA X
Je H AL AP ROE BRI 4Ly . REERTE A LA
=T IEMAEY AR E IR, — L /N )y 1 & SON
Ay s a8 FE TR 25 ) T LR 43 R 4 W i )
ARWFFE LRI I AT, RS FR AL 2 3 2
(0 ~20 em) SON 75 5t i 25 it 20 2 119 184 Jon i 484 o, 3
JEFH IR FEAE R /N5 T 19 SON, 4T T R 8 i
SON % g, Hanfs#F )5, 189838 )2 (0 ~20 cm ) SON
PRI T ORE FE AL FE, HLBE 5 it 20 5 A0 3% 0 32 7 -
Tho x5BT S ie— B X AR
N MR L A A R R A S R e A A I
T IR MRRUR S W K A K A, B AR AR
(i 2, 3 0 4 [l Ak 8 v (9 T i M ML, 1
AT A AL R A, (R B 2 i A R 3, A
PRI e, T2 (0 ~20 cm ) SON & 5B ¥
Fr, R HER)E MR R OR A HF 4 4 R 2 BT i
R LAEARE W T A HLEE B AEAE , DU AT DA
R FE TR, B 1k K R TG G

W5 AT A A R SR i e T
AR SRR TR, A R 38 1 it A A5 L K A 4 )
PR MY S IR A S R A R, AR
FEO IR A ST, TR A Ak B AT D) R R
J2(0 ~20 em) NH, -N #1 NO; -N & £, NH,; -N #
NO, -N & 1 [ 25 it 2 5 79 3 i ifii 3% i, 2 NH,"-N
Erm T NOy =N B i, 30 ] Al PR A 45 il E T 2 1
T, A TR AR AR AR S R E A R
AENEPNES A A TR SN R g =T O E -
B v R I O DR R O M R O R T IR RE R K
fife , DT d 25 18 T RS H 3% NH,-N ORI NO, -N &
Y B0 RS AT IS, NO UNT N2 4bBE NO, -N fr
T NH, -N & i, X A G2 o8 A5 FF 8 il Ak 20 1
PRAL T 7R BB A A AE T R, 2 3 NOy -N &
I Bl A EIE A3, N3 4b B NH, -N &
R T NOS =N & B 2 it &0 R 0 kg/hm® B, 4 38
FJ2 (0 ~20 cm)NH, -N #1 NO,; -N & & ¥ 5 T HAth
Jit 280 8 A L, 33X AT RE A PR Ry R FE 014 AR 3 BN 4T 4
F P Y R ROR R T B0 Bl 34.62% ~
41.50% . 18.00% ~ 21.39% F1 9.27% -~
17.70% ' 20 33 86 j 23 K X 85 ME Ak , TG vk 7 7K R
A AR o AR T AR B A AR
L3 1850 43 A 3 R 550, WO A R 224 0 R T
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T8, S 8ONO A PRAE KRR G , B3R )2 R
B I NH, -N NO, -N & 5, B NO b3 M, M,
FH At b 3 5 i &0 N1 N2 N3 Lh P NH, -N 75 54
R T ICRSFH A0 3, 3 AT fig 2 B Ok s A1 8 s o 1 4
Feor it — 24 RN R A R R B e R
B8R A o DR I TS 3 S kA R R R
BRERMR L, SR LSRR NH N &8 T,
IS B AR AR 1 X R FS A I8 i 5 RS A H 7 5
A it — 20 5% o

ZHFEFENN OKER-RFAGSAH —E 2R
R, AR E 0 B R R U RS 18 0
BRI, 8 A e In RS A AT RR S 3G i R AR Ty . EEAK
s WY 3 W S 10 4E AT B AT R 4 e
TN NH, -N 55 NO; -N 34, i #4 pf g Fe 0 3%
L7 ERSFRIA AT R R )E BIEAE , X A
LR — 3, AW R ], 2018 4F 25 b 31 4- %
JZ SON \NH, -N 5 NO, -N EEYE T 2017 44t
REALI, X A] g2 KN RS AR 8 | S, A A A
()R] TR S DL (2 05 A LR L 2 55 R AN TS HL
o) B 2, B, Bl A T gk B () 1) it — 25
R e R TR R FEIR R P R TR
T e b RAE R R B iR Etg >,

T AR LK H R R R L
RO, AW 5% 3R BT, 5 0 WE R SR, Jo RS A AL
B, HESR)Z (0 ~20 em) AW 1k i BE & it A T
B hnm g K, X TR B o AR (RER) ER
INGY T 5 4 1) SON, FE 4 38 b iy Ji] 7 5 8 Bk
A 38 5 TR IR i R A Ak A TR SE AR R bR R
PERE B TR i R AT R, R HE R 2 (0 ~
20 cm) B A Ak &= Bl A i A B A5G 0 ok, B
T JCFE AT A ] it 2 1 Ak B, X AT BB 2 A AR )
16 B 38 5, 0 PR 2 A /N 43 F SON LA K # o
SON 4k 27, i 75 A [7) e 4 % &b B0, 36 i % FF
Ab 3R AT b 1 R T IO RS AT AL 3L it i B A AT DA 4R
AL R B T .

it RS F 5 AL L 7R 42 = 4 e 0 5 A se 1 i
[ I, 0 B0 T S P SRR AR . AR %
BA 2 ol AR 2T, JO RS AT bt S0 NO AR BE 8N &
R T M b R AR PR, NT N2 N3 4b B A

FIZ SN B WIS MRS AT 5, NO b BE SN
O D T it A== b B, NT N2 N3 4k -
HERIZ SN TR B W T I . X T R A R 1k B A
"N T RBAK, — BN -0.38% ~0.09% , i Ff
SN B — N 1% , m ik 2% 7 bt 2 it R
(A3 In AR AR W A P AL IE 38 22, S 3 - S S R A
BEE, XMW ML WIS R —8, W
AR AR SR SN TS B EER
O R BN AL UL R A S R S A
AR SN B BN 56 FR RS2 R A3 it AR
JIES (4 5 0, 345 T RE 37 B T o T G R L 8 pH
FEZMEER I m

4 it

(1) R A 42 o 0 455 20T, e o S FF 45 it 0
Ab FEK RE YR G £ 336 )2 SON & B YK T IG5 #F
AR IR, R EE VA HLALE BT R R 4 T L 15 B R
Jiti S 1) M 002 4 R, R AT OE S A g SRR
SRV R AR A 1 AT IR ML AU AR AL, L
o N1 N2 N3 4b3 + 5838 )2 NH-N & &k T F
FF N1 N2 N3 4b ¥ N2 N3 4b ¥ NO; -N & AL F T
FEFF N2 N3 Ab 3, Jo s AF 8 H AL 38 B 2 it 20 5 Y
Hahn, 3% 2 NH, -N NO, -N SON % & i& ¥ %
fm, HONH-N & &5 F NOy -N &,

(2) oA 4 o W R A5 SR, S A8 WD 42 v
LR BE T, NO b B 43R 2 Ak & 5 O RS AT Ab
Mg s ®Z 0 b E T E EME2ER (P >0.05), ki # i
AER, TR R AT b8 B3 T LR Ak
(P <0.05), JoRsFFi6 H Ak 21 BE % it A 10 3
I, £ 3R E A R K

(3) e/ 42 ol E A5 <X, it b % A J , N N2
Ab P82 8N A5 JURS FF N2 N3 4bBEG i
FVEZE S MRS AT N3 AH KRR UN H R W
Fim TR N2 N3 Zb# (P <0.05) , JoH5#F NO
AhFE R 8UN R R T NI N2 N3 4bF
N1 N2 N3 Gb P +3E L2 8N & & Il & it 2 &= 10
S g . ¥R JE TSN 5 NH,-N.NO,; -N,
SON 8" N iy H 5 P A AL 37 Jiti A FF L 008 A 52 i
0 W] RE 27 HoAth 22 B B 2R Y S [ R e

& % x Wt
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