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Effect of Water and Nitrogen Coupling on Rice Yield and
Nitrogen Absorption and Utilization in Black Soil
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Abstract: In order to find out the effects of different water and nitrogen coupling models on rice yield
formation and nitrogen absorption and utilization in black soil area, three irrigation models, i. e.,
conventional flooded irrigation (F), shallow wet irrigation (W) and controlled irrigation (C), and four
nitrogen application levels, i.e., 0 kg/hm®, 85 kg/hm”, 110 kg/hm’ and 135 kg/hm* (NO, N1, N2,
N3), were set up in the experiment. The effects of different water and nitrogen coupling models on dry
matter, yield, nitrogen uptake and transport, water and nitrogen use efficiency of rice were studied. The
results showed that under conventional flooded irrigation and shallow wet irrigation, dry matter
accumulation was increased with the increase of nitrogen application rate, while under controlled
irrigation, dry matter accumulation was firstly increased and then decreased with the increase of nitrogen
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application rate. The nitrogen accumulation in different organs of rice shoot was increased with the
increase of nitrogen application rate. With the same nitrogen application level, the nitrogen accumulation
in leaves, stem sheaths, and panicle of the controlled irrigation mode was increased by 27.80% -~
43.42% , 18.32% ~24.97% and 13.85% ~24.25% compared with conventional flooded irrigation,
which was increased by 0. 96% ~13.18% , 10.73% ~12.86% and 10.53% ~12.61% compared with
shallow wet irrigation. Under the three irrigation modes, the dry matter and nitrogen accumulation rates of
rice shoot were increased with the increase of nitrogen application rate, and the controlled irrigation mode
was higher than shallow wet irrigation and conventional flooded irrigation mode, and the initial peak of
dry matter and nitrogen accumulation was advanced with the increase of nitrogen application rate. The
peak time of the average nitrogen accumulation rate was 11.39 d earlier than that of the average dry
matter accumulation rate. Compared with conventional flooded irrigation and shallow wet irrigation,
controlled irrigation was more beneficial to increase rice yield, and CN2 treatment had the highest yield,
which was 10272. 57 kg/hm’. The controlled irrigation model significantly improved the agronomic N use
efficiency and partial factor productivity of N. Under the same irrigation mode, the nitrogen transport rate
in leaves and stem sheaths and the contribution rate of nitrogen transport in panicle were decreased with
the increase of nitrogen application rate. There were significant positive correlations between rice yield
and irrigation water use efficiency (/WUE) , water use efficiency ( WUE) , agronomic N use efficiency
and 100 kg grain nitrogen uptake (P <0.01), and it was negatively correlated with grain production
efficiency of nitrogen (P <0.01). Appropriate water and nitrogen coupling mode can increase rice yield
and nitrogen absorption and utilization. Comprehensive consideration of CN2 treatment was the best water
and nitrogen coupling mode.

Key words: rice; black soil area; water and nitrogen coupling; yield; nitrogen absorption and utilization
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Tab.1 Water management during each growth period of rice field
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Fig.1 Daily variation of air temperature and precipitation

during rice growing season in 2020
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Fig.2  Dry matter and nitrogen accumulation in shoots

of rice after harvest
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Tab.2 Logistic growth equation fitting and model validity of dry matter and nitrogen accumulation in shoots of rice

9 5 BB R A R

A HR BB A R

YL T R Logistic J7 12 RZE B Logistics &
Al EF R? Al EF R?
FNO 4 =11073.51/(1+257.70e %) 0.9995 0.9850 0.9968  y=73.49/(1 +158.79¢ " %%%)  0.9992 0.9779 0.9953
FNI 5 =13857.25/(1 +181.86e %) 0.9996 0.9896 0.9978  y=111.81/(1+117.41e %)  0.9985 0.9570 0.9908
FN2 5 =15209.22/(1 +231.86e~%0) 0.9997 0.9917 0.9982  y=164.65/(1 +105.94e~"¢)  0.9983 0.9519 0.9897
FN3  y=15913.06/(1 +210.03e ") 0.9995 0.9848 0.9967  y=183.91/(1 +77.02e ") 0.9961 0.8905 0.9765
WNO  y=11170.52/(1 +356.00e " %%1") 0.9996 0.9874 0.9973 5 =80.38/(1 +286.95¢ " 0%") 0.9976 0.9333 0.9857
WNL 4 =14129.54/(1 +264.33e%9%)  0.9998 0.9953 0.9990  y=125.68/(1 +167.09¢*%%)  0.9981 0.9475 0.9882
WN2 4 =15444.46/(1 +215.35¢"%97")  0.9984 0.9550 0.9904  y=165.60/(1+192.98¢"%®")  0.9962 0.8901 0.9756
WN3 3 =16188.94/(1 +194.52¢%976)  0.9990 0.9710 0.9938  y=194.19/(1 +108. 14e~>%2)  0.9971 0.9175 0.9823
CNO  y=10825.16/(1+391.30e %) 0.9997 0.9918 0.9982  y=91.33/(1+417.95¢"%%")  0.9981 0.9453 0.9883
CNl  y=15047.25/(1+212.81e %9%) 0.9991 0.9751 0.9947  y=136.82/(1 +306.10e>®%)  0.9989 0.9687 0.9933
CN2  y=17738.81/(1 +220.06e ") 0.9988 0.9662 0.9928  y=189.62/(1+257.72¢>®*)  0.9984 0.9555 0.9905
CN3  y=17729.94/(1+227.98e%9")  0.9994 0.9825 0.9962  y=213.89/(1+241.37¢>%%)  0.9975 0.9294 0.9849
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Fig.3 Variation curves of dry matter and nitrogen accumulation rate in shoots of rice with number of days after transplanting
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Tab.3 Main characteristic values of dry matter and nitrogen accumulation process in shoots of rice
e TWy )5t R E B AR B EEREE

T,/d T,/d Ty/d AT/d V. /(kg:hm=2-d7')  T/d T,/d Ty/d AT/d V,./(kg-hm=2-d~")
FNO 56. 34 73. 86 91. 38 35.04 208. 10 45. 69 61.74 77.78 32.09 1.51
FN1 55.36 74.12 92. 88 37.52 243.19 43. 88 60. 63 77.39 33.51 2.20
FN2 54. 14 71.41 88. 67 34.54 290. 00 43.99 61.31 78.62 34.63 3.13
FN3 52.66 69. 86 87.07 34.41 304. 50 40. 38 57.95 75.52 35.14 3.45
WNO 56.22 72.46 88.70 32.49 226.43 49. 10 63.99 78. 88 29.78 1.78
WNI1 54.96 71.95 88.93 33.98 273.83 45.02 60. 61 76.21 31.19 2.65
WN2 52.67 69.77 86. 87 34.21 297.31 43.33 57. 80 72.26 28.93 3.77
WN3 51.72 68. 95 86. 18 34.46 309. 37 40. 96 56.99 73.02 32.05 3.99
CNO 54.53 69.97 85.40 30. 87 230.90 48. 69 62. 28 75. 88 27.18 2.21
CN1 54. 60 72.38 90. 16 35.57 278. 60 46. 16 59.95 73.74 27.59 3.27
CN2 54.38 71.95 89.51 35.13 332. 47 45.47 59.61 73.75 28.28 4.42
CN3 53.46 70. 58 87.70 34.24 340. 95 43.55 57.70 71. 86 28.32 4.97
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PRI 5350 34. 37 d F130. 72 d, 3 E TR A
F 2L B Fe K3 K3 25050 5 71,44 R AR
60. 05 K, VIR 2 5 R 2 1k 31 6 L i (8] L34
T ot 52 R Gk B W I (R B T 11,39 d, 3
AT, T A R B BUR A b e 3 T
AT , b AAL BT W0 AR B
FEA I AL BRER AT 3. 08 .6. 20 d, FEHRIGHA DY | it
o4 135 kg/hm® B, 3K AR T B b _E 356 T4 5
AR KK HRR S e A, Hoh CN3 Ab P |
W, AR B oK B KO R 340.95,
4.97 kg/ (hm®-d) , 5 il kb 32 AH L 4 9 $2 7 T
2.55% ~63.84% 12.56% ~229.56% .
2.3 KEBEXNKEBHEFREZRIZNZ I
AR E R A AL ER , /KRS AU 2= 2
R R s WA 4, gl SR W, W A% =R it
REXTT R HMEEN AR FizE AREiE, H
0 280 2 0 o i N R R B 38 Tk R A A A S R

(P <0.01) 7 WEAR X At S0 1 28 BR800 X - A
MMM AR Kicw ARBERA 0 EY MW
(P <0.05) , XF BB A FE i A A K F5 iz 5Tk R
AW FF (P <0.01) , Kl 4 2 nl 20
MR A A Rz b ® —5, 7o ~
110 kg/hm? it 0 2 3 Bl P, A0 )RR SN T, RR 5%
12 vk i it 20 1 44 T 4 K it 0 135 kg/hm?
B, AR s & e A B, B 5 A &S
O kg/hm’Bf MR R iz E 2R AW E (P >
0.05), KAEMHEINE KA F A ZKiZERS
TR R 52 5 M FEBAE T, b B A 25 i
RE L2 RV R %32 o1 ik 2 b it 20 &= 10 3% in
VR0, R 20 28 14 o T it 220 84 o 344 R,
FH D S, 3 P A O i e 2SR K ki
T DA T AR R N A 0 5 I, ¥ D s o R Ak
PP g, 2% B I ECOK 4 Bk 38 RT 02 A o R R 2R A R
FHE L IATR AR BB

x4 FRKELEKEHEHZRNAPHRERES

Tab.4 Nitrogen transfer from heading stage to maturity stage of rice treated with different water and nitrogen treatments

e R R

AL WAL RRREN - RERE RERENRERE ey ik
(kg-hm~2) R/ % (kg+hm~?) R/ %

NO 13. 45¢ 70. 76" 10. 45¢ 37.34b 34, 03" 70.22¢

N1 17.93¢ 69.55° 16.21° 37.86% 50.96° 66. 99

¥ N2 25.07° 66. 60° 20. 59" 36. 76 74.18°¢ 61.57¢

N3 24.67° 61.53# 20. 18 33.02f 74.74¢ 60. 00°

NO 15. 40" 70. 96" 11. 16¢ 37. 592 34, 341 77.36"

N1 20. 844 69.72¢ 18. 964 36. 54 51.52° 71.27°

v N2 30. 12" 66. 64° 20. 89" 35.37°¢ 74.23°¢ 68.72°¢

N3 30. 05" 62. 60" 20. 09" 31.23¢ 80. 87" 62.00%

NO 19. 724 72.21° 12. 98! 38.50° 39. 04f 83.75°

N1 25.56¢ 69. 42¢ 19.21¢ 36. 62 58.754 76. 20"

¢ N2 34. 66° 68. 324 24. 528 36.21% 84.01" 70. 44°

N3 33.10° 62. 68" 23.24% 31. 908 88.90° 63. 38¢

TH AR 191. 15 13.55 48.54 10.27 55. 86 33.82*

F it 2 391. 68 ** 554,37 * 317.6 ™ 176.8 ** 1084. 29 ** 54.39 *

WA < it R o 2.64% 3.55" 3.31" 3.26" 6.79 4.24"

1 R FVECF G AR /ING Fi: 3R R b PR E] 22 57 3 (P < 0.05)
A,
2.4 KEBEXMKEEEMKET ANENZ I
ANFEIK EAR A AR, KR 7= 2 K 2 F1 AL
FE 4 R, RI AR R A FVEA L, A
RACFKFE ™ 2 IR T AL (P <0.05) %
FILE TR | R TR R S ) E N R R o0 o)
24.45% ~76.31% 31.03% ~62.37% F1166.30% ~
99. 78% , & LTS VHE F11 6 Y T R AL 3 K R ) i i it
R PIE LT it AR AT 110 ke/hm* B, 7K
S8 77 0 2 ARG A8/ 5 42 o TR TR Ak LA R 7 I it A

# FRIBFN L ZE KT (P <0.05), #x FRkFH i EKFE(P<0.01),

S HE IS N5 /NR BE R B, CN2 AL K R 7
%, oM 10 272. 57 kg/hm* , {H CN2 I CN3 AbB/KAF
FPRZEFARE (P >0.05), MHFEEA R, B CNO 4b,
i RS A5 A KRR = B 2 v 1 B T
HEMEART KRR 5, MEAUEN 110 135 kg/hm’ 5,3 Fh
AR IWUE F1 WUE 225383 (P >0.05),
IV RN VR Y HE AL FE IWUE 0 WUE Fifijiti 8 e
IR PR AL B IWUE A WUE Bt 0 &
4 h0 S 1 K, CN2 b B IWUE FI WUE 34 5 &5 , 4%
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Fig.4 Rice yield and water use efficiency under different

water and nitrogen treatments

B4 3. 14 2. 04 kg/m’ , 5 CNO M ELEE R T 96. 25%
#170.57%

ANFEK AR AR K R R R A an gk 5
FR . RER 45 R A X it e i DA S T A
2RIt 260 19 28 800 % BB A 2 R 3% U8 g
A7 01 A T ROFFRLR A G R R AR R A
RUYGRAEEII AR B E R (P <0.01) , CN2 Zb3f
RIBAL A H R 2 T HAB AL (P <0.05) , Y
Jite 268 A [T ST & R0 R R A 0 T A 45 A B
NEA 25 R FH 3R 2/ N F 4l A AR ] A =X
T, U A= 7 i e P 3 i B AN e 2 A
IR, 3 i o A =X 1) SRUBE O A ™ g Hl R B0/ MR IR
SRR e TR R AR R AU
i A= 77 I LR RN R VT R A R T
4.77% ~28.03% H1 3.79% ~ 14. 41% , F HlHE %
R KR E T oa kPR A &= 1. 84 kg, BT
D TR R R T AR T 6. 84% M1 T.97%
TR 110 135 keg/hm?® B, 5 0 VA T8 R0 4 10 0 R
B R EATRLAE 2R LR EER (P >0.05),
Pt E A N R BRI A TR E R B (P <
0.05) . AN[Al &k ] 2 & WOk H8 804 F 65.99% ~

x5 KEMEMKBREFRANIM

Tab.5 Effect of water and nitrogen interaction on rice nitrogen utilization

Lb RIEAARHR, BB T/ TSR BENRLET AFEBAAR
HE AR X it 2R B (kg-kg™") (kg-kg™") Rt/ kg W/ (kgokg™") %
NO 1.36° 73. 38" 68. 44"
v NI 15. 44" 78. 58 1.624 61.59" 68. 24
N2 28.95¢ 77. 744 1.91% 52.46% 70. 55*
N3 30. 341 70.10° 1.91% 52.38% 68.81"
NO 1.34¢ 74.61° 68. 50"
- N1 21.48° 90. 69" 1. 60¢ 62. 44" 65.99°¢
N2 28. 144 81. 63 1. 90" 52.55% 68. 84"
N3 27.18¢ 70. 76° 2.03® 49. 27 67. 92"
NO 1.73< 57.91¢ 68. 09"
c N1 40.11° 100. 61° 1. 60¢ 62. 67" 67. 391
N2 46. 64° 93.39" 1.85% 54.01¢ 68. 84"
N3 35.35°¢ 73. 44° 2.17¢ 46. 08' 67.77%
TR 45.08 ™ 202.58 6.50*" 21.83 ™ 19.50 *
F it 179. 26 * 106. 36 ** 58.74 174.22 ™ 29.42*
WA ¢ it e ot 19.78 ** 18.50 * 4.36* 17.13* 3.98™

70. 55% Z. [ , 2= BZK R MR AL 1) 6 28 KB40 IR ik
KL,
2.5 KEFEEXMESH

KRG = S A AR A e IR AR R
B SCR WA S iR, ARBEES T, KR =
FRLI b EF TP B A R R Z R AR 7E
M B F R IEAE (R 0.937 1 ~0.998 4) , /K F

BT BT R R SR A 3R] R A e e
W ARG SR bR , R AR U KRR ™ o i
AR BB ARG N Se R K 0, WK R A
PR R R WA TR B, i 2 AR RPUAH T i
TR, K e 7 e K &R 2805 18] A O 43 B L
6 KRS IWUE \WUE (A, N, 2 18] 2 &
FIEAHIE (P <0.01), 5N, 2 [0] 5 0% 5 3 A0 ¢
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9000 g (P<0.01),5 Ny Z 5B FFEAMK(P<0.05);
:i 8000/ /zg/fa’r WUE 5 Ay Z 8] 28 23 IEM K (P <0.01), 5
=R Pz e I0101 PFP 2[5 8 F EASE (P <0.05) 4,5 PFP 2
= so0o} 0’7" f‘}“efff;;is‘fifffn i) &2 B IEAH G (P <0.05) ; PFP 5 N, 2 18] 2 4%
ool B 06994322154 BEGAHIIE(P <0.01) , 15 Ny, 2 ] 5 4 835 E A
oo | (rmmes.posn Ho(P <0.01) 5 Ny 5 Ny 2 18] 52 1% 5335 67 A1 56
a0 (P<0.01),5 N, Z W2 8 HFMFE(P <0.05)
11000+

oo e Ay 3 g
o ATEER RO KR M8 R R S A 1
2 oo e AR R RE R I T A AR K
Sl 7 s PR A KRR 5 0 B 38 K
S g s B R LT AR AR =K ORI
soool T Ay —-04484x417479:-6869.8 1M H BB 2K A AS Rl 25 B T4 B A R R
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Fig.5 Relationships between rice yield, dry matter and

nitrogen accumulation in shoot
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Tab.6 Correlation coefficients between rice yield and water and nitrogen use efficiency

Y IWUE WUE Agy PFP Nyg Nepg Ny
Y 1

IWUE 0. 766 ** 1

WUE 0.733** 0.991 ** 1

Apy 0.760 ** 0. 848 ** 0.891 **

PFP -0.148 0. 355 0.382" 0.424* 1

Ny 0.745 0.386 " 0. 359 0. 267 -0.663 " 1

Nepg -0.727* -0.342 -0.332 -0.262 0. 688 ** -0.933* 1

Ny 0.261 -0.161 0.114 0.172 -0.318 0.422°* -0.368 1

SR i it G 8 S R U 2 PR R 4
VEWAL R M R G Re iR T, AR AP R,
I FF 4 S Y T L A2 4 K AR B, 3 AR X3
AN, K FEAR R A KRS B AL RR IS A
PR R L E , IS REIE LR Jo IR R e ARk, 15K
FErEA: K oS W RERCE £ 35431 | X 5 o e
BRI 45 R — B, [H 24 it = 135 keg/hm®,
Pl A R KRS B 50 B4, i i AUt
FREEARK R, A B AR 1 S48 B Tk
SRUR/INMERE B, R KRG P i, s o T A
TR R K R 1R R B T L
W KRR E AR R SRR R IE A, 15
) VA T R T T TR A A [t 2R T AR R R R
R R T 13.85% ~24.25% 2.27% ~
10. 09% , BB 5 7K EE WA A ) R R e Ak of:

PRPERE VR R R AR 8 | X 5 ok 5 T
S5 AL

HTABFGE R B, KRG E R R K 43R0 it BE 7K
PR RH R FH SR TP A A R RS
B RBUAE Logistic #1240 A S50 A8 1L
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REK BFHCR IR AR 5 15 8] (18 28 A AT Ay S il 28
P RS R e sF 1 (8 12 S 18 5 080, R Logistic A2 K
BRSO B B RDK B AT K+
YR 2% SRR 7 f 4 1 PR e S | R
FUR A RBHR I 25, MHEL S iR se ki,
IKFE L ZE BRI B B T T o R AU
T4 5 B K R B R YT 2R R X 5 AR
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Fig. 6  Soil nitrogen surplus and deficiency under

different water and nitrogen treatments
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