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AFA, keF Hfit wAHLE HFEY AR

(1 P KR A ABR2E R FE e P 52y B L AL R AR 25K S REF A MR AT 3, PEANESHE 0100205 2 ZRAbA KK A A T2
FBE, WREE 1500305 3 NEEH HIA X HUBIAA OISR, IFANERE  010018; 4 BUHDKFIR, MEEES/REH  017000)

 OE: IR FK G A R AR R R A AT AR A, TR 3 R IR M TE . I

FEHIHERD) A 4 ANFAEHEQO. 85, 110, 135 kg/hm?), 5T TR 5. eI & 8 K AL A HE ORZ LR R Rl K U
BN R . S5 SR LRI AR L, HIEMA R, KRR AT T I B KA S AT, /NG g s,

T S 25 2 12 7= i (P<0.05) . F H HIEFH HLER(SOC) . 2 A(STN). &Mk (STP) & mbl+/Z IR RIS, M Ab I mT B E 4Tt
SOC. STN IRk STP Fi(P<0.05). SREEREAyE RV L, HHUEHERI N SOC, STN i, W5 H FUEHEM%
TRHEBEAH LG, 2 HE R N STP &, +48 O/N WM U NI FRAK, 88 C/P. N/P Ffiiti Ui 7, MEUBEHETH AR ]
T ON BEE, B CP. NP EEE, MIEIERE, HHEEssCaeT AR 12 SoC, STP SEE(E, fi—EfE L
R BT bt o U0 AT ARG i, 2208, ARBIFSE sP s RO 110 kg/hm’ U0 fRe ik U BT

EEA: KR BHX; KA, B BRER; iR

RESZEES: S511; S143 XEkFRARRD: A

Effects of Water and Nitrogen Management on Stoichiometric Characteristics of Soil Carbon,

Nitrogen and Phosphorus in Rice Farming Area of Black Soil

QIN Ziyuan', ZHANG Zhongxue?, ZHENG Hexiang', CHANG Limao®, HAN Zaihui*, DU Sicheng’

(1 Yinshanbeilu Grassland Eco-hydrology National Observation and Research Station, China Institute of Water Resources and
Hydropower Research, Hohhot 010020, China; 2 School of Water Conservancy and Civil Engineering, Northeast Agricultural
University, Harbin 150030, China; 3 Inner Mongolia Geological Environment Monitoring Institute, Hohhot 010018, China; 4
Hangjin Banner Water Conservancy Bureau, Ordos, Inner Mongolia 017000, China)

Abstract: In order to elucidate the effects of different water and nitrogen management modes on rice yield and soil carbon,
nitrogen and phosphorus stoichiometry characteristics in black soil, an field experiment was conducted, in which, 3 irrigation
modes (F, conventional flooding irrigation; S, shallow wet irrigation; C, controlled irrigation) and 4 nitrogen application gradients
(NO, 0; N1, 85 kg/hm*; N2, 110 kg/hm?; N3, 135 kg/hm?) were set up, and then rice yields, the contents of soil carbon, nitrogen
and phosphorus, stoichiometric ratios and stratification rates were determined under different treatments. The results showed that,
compared with F and S, rice yield under C was significantly increased through the formation of sufficient large panicles to
increase storage capacity and slightly increase seed setting rate (P<0.05). The contents of soil organic carbon (SOC), total
nitrogen (STN), and total phosphorus (STP) decreased with the increase of soil depth. Nitrogen application treatments
significantly increased SOC and STN contents but decreased STP content (P<0.05). Compared with S and C, SOC and STN
contents were increased under F. Compared with F and S, STP content was increased under C. Soil C/N decreased but soil C/P
and N/P increased with the increase of nitrogen application rate. Nitrogen application improved the average C/N stratification
rates but reduced the C/P and N/P stratification rates of different soil layers, and compared with F, C improved the stratification
rates of SOC and STP contents in different soil layers. In conclusion, C with appropriate nitrogen fertilizer can improve soil
quality, and C with 110 kg/hm® nitrogen fertilizer is considered as the optimal water and nitrogen management method.

Key words: Rice; Black soil area; Water and nitrogen management; Soil; Carbon, nitrogen and phosphorus; Stoichiometric ratio
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1.1 R

RIS T 2020—2021 4F 5—9 H 7F BT 4k i X
ZEREMEIR G 1 (46°58'8” N, 127°4072" E)i#f7. #ZIX
Ja R B PER S, AEYROR 1.69 C, AR
K 577 mm. R3O R AUKAE 12, 2020 4EF0
2021 4 0 ~ 20 em )2 - HESLA TR AL 5 4351k - pH
6.47 1 6.63, AL 43.1 Fl 41.9 ghkg, % 1.69 Fl
1.61 g/kg, 2 0.67 F1 0.71, 480 19.99 F1 24.6 g/kg,
B AL 159.21 F1 137.21 mg/kg, AR 27.56
22.33 mg/kg, HALE 158.3 A1 161.5 mg/kg.
1.2 REigit

RIS B VR RE(F) . VRO TE(S) FnAa il E TR
(C)3 FEMAL, TR HIE 1 s, 78
RS |, 8 NO(0 kg/hm?). N1(85 kg/hm?).
N2(110 kg/hm?), N3(135 kg/hm®)4 iti & = (LA2EA
THACE, 4t 12 bR, B 3 RES, it

F1 REEBRRNKS EIE(mm)

Table I Water management under different irrigation modes

TEBRAL A THdEdE  REM sl BRI SEERIN BOWAREN O MEUREN LB
WHLEHEF)  MAKETIR  0~30 30~50 30~ 50 W 1 30 ~ 50 30 ~ 50 30~ 50 T
B R 50 100 100 100 100 100
HIZHEMS) WAETIR  0~30 0~30 0~30 i 11 0~30 0~ 30 0~ 30 ET
iR 50 50 50 50 50 50
FEHIHEBRC)  WKETH  0~30  0.856,~0, 0.856,~0, 7 FH 0.850,~0,  0.850,~0,  0.700,~06, KT
M R 50 50 50 50 50 20

W 0,8 0~20cm +J2 IR NS KR,

http://soils.issas.ac.cn



266 +

e %56 4

36 AR /N X . HEKOK R S RO 2R 18, HEA
HE A PR Z (&% N 460 g/kg), Zr 3L (45%). BEAD
(20%) FIAEAE (35%)it H 5 88 1IE o 3k B 92 %5 (3% P2Os
120 g/kg), P,Os i A%EA 45 kg/hm?, 4 FpE
et A 5 SR MR B (& K,0 600 g/kg), K,O Jifi
A 80 kg/hm?, #7ZFEAE (50%) A1 8.5 IH-#4 IE (50%)

80 m FoksE S H e Il

(o)
[

I~
=

A

F/K & (mm)
S

h
\
/
N
%
n

[w]

Iyiie 2020 AR RUTEVE | 7R 0V R R 4% o VR AR X
(TBEE K )k 522, 404, 323 mm, 2021 4F4)
Bk 587, 434, 346 mm,
1.3 MEmMBEA*
1.3.1 SRR

(B 1. Kl 2),

SO W AR i

— HE&SSH L35

) N
RO
- R
oy PR \
TN ‘ [Svd
A [ N
/ \ v
| ‘. (] IIL | 1, 1

BRI (d)
1 2020 FRBERASEMFKEAER

Fig. 1 Daily variation of air temperature and precipitation during rice growing season in 2020
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Fig. 2 Daily variation of air temperature and precipitation during rice growing season in 2021
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— 2 IR R RO FEAR A AR A
HEAS A, IEE 36 A HIERERY . SRARIS Z:BRTT
WLBRAT . MR AT, IR HEE T e T,
WS, it 100 H A2 A A 34807, BHEER
(STN)H H,SO kA A0 1] (B8 PR A — 7 R ] — G ) 725 1
fit, +IEWE(STP)H H,SO0,-HCIO, BETH M, TR
UEJE, A 50 mL BADHE AR . STN A1 STP %
%S 87 B (AutoAnalyzer-3 %1, [ Bran+
Luebbe A RN, A HLAR(SOC) H AT HLAR 73
Hr{¢ (Elementar vario TOC, 1% &)l & .

133 F=RMESHR  F/RXIER 1 m* KA
H, BRE SRR 14% BRI 4% b BEFEHLEER
3 AEMRIEA TR, 2522 00 7= A S IR AL 455 B4 1T
FUEROREEL . MR, TRiE . 25590,

1.4 HESESSH

AN+ 2 R R (A T LY R A A
R A E RS 0 ~ 20 em )2 STN, STP,
SOC & #a C/N., C/P. N/P 5 KT 20 cm + /)2 STN,
STP. SOC % C/N, C/P, N/P ZHiTHEAL,
FIIHI SPSS 22.0 AT EL N 3R 7 2253 W M 228 1 AR R
52501

2 HEREHW

21 KEEEXMNKBEEERHEMBEZNZ T
AR RS BT KR = B HA) R 26 AL
T2, T3, HEHEHEMBIGHEMA L, s hEg
i E TR R P2 (P<0.05), CN2 Ab B /K A 7= 4 i
B 2 4R 10 192.17 kg/hm?, FEA TR TFK
FEF7 R (P<0.05), il VE MR35 H WL TE /K R L T
12.42% il 0 5 7K RS B TR RORIEICR TE AR G,
B TR RN 2 S S AR OC it 2R o K R e S
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R R B R (P<0.01); TRASRIF T, 45
1] A R RS B T AR SR BRI, 5
ol TR A MM , T AN [ RE SRS 0 KA T

£ 2 2020 FEKF

o F LA IR 25 (P>0.05), FH AT L, 5 v A
AT I8 T AN A Bl e R E A, I

ANESEINEE LR, AR A R T,

A RMHE R

Table 2 Rice yields and its components in 2020

b B TRV AR TR E g9 bR P
A i H(10"/hm?) (® (%) CK/BE) (kg/hm?)
F NO 307.93d 27.13 a 92.63 a 71.49d 5367.40d
N1 355.05 ¢ 26.04 b 89.44 b 83.28 ¢ 6 679.60 ¢
N2 416.18 b 26.08 b 89.35b 91.42b 8551.62b
N3 438.36 a 25.93b 87.96 ¢ 95.58 a 9463.05a
S NO 331.68 ¢ 27.10a 93.29a 72.08d 5883.40d
N1 380.40 b 26.09 b 9230 b 86.61 ¢ 7708.93 ¢
N2 428.04 a 25.89b 90.42 ¢ 91.20b 8978.97b
N3 437.60 a 2591b 89.15 ¢ 96.05 a 9552.89a
C NO 305.52 ¢ 27.21a 93.92a 67.73 ¢ 5142.01d
N1 395.79 b 26.15b 93.07 a 90.41 b 8551.02 ¢
N2 450.49 a 2622b 91.40b 99.29 a 10272.57 a
N3 45432 a 25.67b 89.54 ¢ 98.40 a 9914.52a
T 2253 Bt WAL 29.27" 0.16 69.22" 23.18™ 66.28™
it A 592.47" 16.08™ 179.72" 407.33" 864.54"
THWERE =it L 9.79" 0.18 6.44" 8.817 12.53

T [RFVECT R AN R)NG B3 A (R A AN TR] it 20 Ak TR W) 22 5 1235 (P<0.05); *3R/R 2 IRIA 12 35 /K- (P<0.05), ** KRN

A B K (P<0.01); FAl,

£33 2021 FKF

a8 RIMHE R

Table 3 Rice yields and its components in 2021

LbF B T BUA AR TR E R TR 7
W it e (10*hm?) (® (%) CRL/RE) (kg/hm?)
F NO 301.01 ¢ 27.44 a 92,50 a 71.64d 5217.32d
N1 366.93 b 26.23b 88.81b 82.13 ¢ 6 888.68 ¢
N2 430.02 a 26.32b 88.57b 88.41D 8519.22b
N3 437.12a 25.87b 87.40 ¢ 94.59 a 9399.10a
S NO 315.11 ¢ 27.13 a 92.73 a 70.03 ¢ 5401.27d
N1 381.47b 26.40 ab 92.43 a 84.07 ¢ 765129 ¢
N2 43373 a 25.80 ab 90.82 b 89.20 b 881733 b
N3 44297 a 26.07b 88.74 ¢ 95.74 a 9599.32a
C NO 295.36 ¢ 27.09 a 94.05 a 7151 ¢ 5256.74d
N1 389.16 b 26.02b 92.86 b 90.96 b 8397.55¢
N2 448.67 a 26.34b 9136 ¢ 97.01 a 10111.76 a
N3 44731 a 25.95b 89.68 d 97.61 a 9987.26 a
I35 285707 WAL 9.67" 0.15 112.48™ 51.83" 52.83"
it A 814.4™ 8.92" 160.93" 292,69 663.04™
TR =it A i 4.45" 0.11 8.3" 9.04" 13.99"
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Fig. 3 Contents of soil carbon, nitrogen and phosphorus
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24 KEEFEMNTEHRABEHENZMN

3 mR R B2 LR UNE 5 BT it B 3R A
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Fig. 4 Stoichiometric ratios of soil carbon, nitrogen and phosphorus
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Fig. 5 Stratification rates of soil carbon, nitrogen and phosphorus
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Fig. 6 Correlations between contents of soil carbon, nitrogen and phosphorus
T4 KEF=NEEHTIERRBEEXME
Table 4 Correlations between rice yield with soil carbon, nitrogen and phosphorus
FE socC STN STP C/N C/p N/P
s 1
soc 0.645™ 1
STN 0.875" 0.913" 1
STP —-0.484™ -0.639" -0.561" 1
C/N -0.926" -0.560"" —0.844™ 0.319 1
C/P 0.601" 0.885" 0.796™ -0.916" —0.475" 1
N/P 0.781" 0.894™ 09117 —0.844" —0.693" 0.962" 1

e ORI EAME(P<0.05), **FIRHE M (P<0.01),

3 e

EAIFFT B, K A8 2 2 ) 338G WL
fhid e, XHETHREH SOC Fa e s, AHF
i, RS SOC FRE M, XM FRA
MEAAET, RIEMIE DA L, A TRERS
BHLYRIKE, {248 SOC o Ttel™, Ak i gt 1
T, WHLEMER D T SOC ik, X nTRER
T8 LA AR S gl A 25, R IR G TS
PE, NIRRT SOC Fffid #2, 3 hn 1A PR [E £
1355 A4 A OV T4 K T T RS e 8 4 - AT LR
B ALT ARG R AN, b 5T 2w L |
M =] R . TR SR B R AL R IE] SOC Fr i
AR R E 2SS, XRS5 AR AR
PR T AR ALY B R 25 A L
338 v Gl P SR A P SR A LI 5k R X AL B

PR E IR 20, STN SRSt 8. A
SRR RZEFHEF R R X REY), v FRRAE L4
HEEKT o AR, MR E N 0 ~ 60 cm 1)Z
STN i, X5 H#ZEEPIHIRARLM, XN
St R T R AR SN T B, B2 TR
fitg e, AR T R E TR AR, R T
TR B, A R T IR B KR, TR R
9y, MigEH I KB, MEENOT 0 ~20 cm )2
STN &M %, XF 20 ~ 40 cm + /2 STN $04¢
AN, XATRES RIRVED R | KA B N E R R A
Ko AN 7 T A 2 ot 2 B 7K AR . PR AR
PR, f H SR EEA R = A Ae b, FEI52 0 STN
TP ARG F T, VRV N s A A
R LR, STN Sramsf TR, XnlaEEH
Tk A R s O A, Rk T e
SR 43 AR ) B, AR N S8 STN
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ZFonAE s KRS N B L R R R S R R AL A R e 271

RS, (HRR LR RAEPR AR R, BFREK
Ak a0 I LB E . R FH - 398 v gl 2R IR AR X B —
iy IR R BRI . BRI FEY ORI . A<
o, TRIBHEE AN MRS STP & i il
THEEASE AR, — TS PR R 4 S R X T K Al
F RPN, 5 — i RO RE AT
ARG . B/, R T STP 2, 1fif STP
e B U RS I RS, AH R U STP &%
RERARE, 5 EEPIWIRSERE -8, Xk
P Tt 20T 4 - R R I 1, 3 SRR
PRI B R AL, (VR W G I, DT RS
ik STP £+,

F AR PR 22 A R 2 S ) 52 e e P 4 498 e SR
eI RERRE , e A G A R S R B
AR S TR, e R T - 9 U 1% B AR 1 i
AR BRI R, e PLT R R B T
C/N, HWfHmT 25 WAL R, WEIRT 25
W - S PR AE, H C/N MK, RE B,
AFge, AR+TE T ON KT 25, HE T4
[ A FH 3 O/N, AR b 3G LB AL T AEIR
RZ T HHFEHE T, 5 ARZESEPIH I 45 A
ol -3¢ C/P A RAFRED L SR A A0, MR
BRSSP BRAMKP, RiFH, ARLEL
e C/P ANl 33, /NFaER H L3 C/P, M5
i, C/P<200 B, +HEA MBS EEY, BERESY
WA R, SE AR A RS E . 13 N/P
—EREE boa] B R BN AL, N/P<10 B,
YERI AT R R E AR = PY, AR5, R+
JZ 5 NP A 2.3, IRTeEKHLE NP, %
JERIMFFEIX STN & T2 ERRY, 3 atEUKF
L2 1 A WD R BT A 03 0 E R S e e
N/P.

TRy B AL R AR R AR S TR
IR Z —, A ERE . KR, 1+
HERRAL T . VR RSOR) AR R 2R S, fE S B -5
W, EEET, fE—a N R 2
R, RGP, AR, A HEEE
PRTFARIE 4 J2 P-4 SOC, STP & 2%, BRIk STN
Fr AR, X AT RR SR Hh T 1 R it AR H Y
AT R RE ) ik, fEB /K ITER T S8 0 A K th
RIZMHERZE LR, (5 R2 AR REZ
TR R S RN, SEMRAUZR R, FRF, AH
LU B E A X, 4 o E A U R AR T AN R )2
SOC. STP &t /Z24b3e, 76— MR b ia I 42 il 8 Tk

T B 3 AL TT A s L s A (EZ R o
T LI AR B RIBR] T R AR, U ZE4E 5 R
R YRRV LA S HAUAR SRR HEA T IR AT, X
BB i AU A s

4 £t

1) A AV AN AR T, KR ™ 2 Bl i
S B 3 0 AR R, R i 110 ke/hm® =
135 kg/hm” 7K R P P 8 IR AR . # AR
T8 EL 2R FH AT 3 e e KRR P A R 2R (K R
PR T, PEHIE AR AL 110 ke/hm? ZUIE 4 4b B
PR IR

2) WFE DX A 3 AU B f AR Ak PB4 B ) 22 5
BN, A RV AU N e R S, R e
i, FEWA O A HLRR A 2 K

3) MR BE b A T AR E, BT X
TR b A LT AL TIHFERES , 3R2 H A
P, [ 3R A . BEARUK PR R SHEAE K
AIEUEER . HIFE R T, H AR I
2 HERR R B A L, A USRS AR
TR TR Y AR T

4) iR BEHETE AR L2 O/N R, AR
C/P. N/P J2ML3; ML AL AR S, s ol VR DA
RAERTEAF 1 JZ SOC, STP Si)JZE, fE—&F
R EE 150 B 9 o) W ASE 2 Tt B RN T DA
T HE
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