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Characteristics of Nitrogen Nutrition in Rice Based on High Nitrogen Input and Genotype

Differences
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Abstract: A field experiment with a low nitrogen efficiency rice variety (Wuyujing3, WY3), a high nitrogen absorption efficiency
rice variety (Lianjing7, LJ7) and a high nitrogen absorption and utilization efficiency rice variety (Nanjing 9108, NJ9), was
conducted under three conditions including no nitrogen (LN), moderate or reduced nitrogen fertilizer input (MN, 200 kg/hm?) and
excessive nitrogen application (HN, 350 kg/hm?). The response of nitrogen contents in the whole rice plant and key function leaf
to nitrogen application and the effect of this change to photosynthetic characteristics and nitrogen use efficiency were explored.
The results showed that the dry matter and nitrogen accumulation of nitrogen efficient varieties were stronger than that of
nitrogen inefficient varieties at the late growth stage. Under MN condition, dry matter accumulation of LJ7 and NJ9 from full
heading stage to mature stage increased by 46.44% and 29.12% respectively while nitrogen accumulation increased by 26.28%
and 32.31% respectively compared with that of WY3 during the same stage. Meanwhile, under the MN condition, nitrogen
concentration decreased by 21.86% in WY3 flag leaves during 27 days after applied the heading stage top-dressing (grain filling
stage), and decreased by 26.3% and 34.74% respectively in LJ7 and NJ9 flag leaves, the order of decreasing range was
NJ9>LJ7>WY3. Dry weight, photosynthetic efficency (P,) and stomatal conductance (G;) of the flag leaves, weight per panicle

and yield of LJ7 and NJ9 were significant Cy increased compared with these of WY 3, and the nitrogen use efficiency of nitrogen
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efficient varieties was higher than that of WY3. Under HN condition, dry matter and nitrogen accumulation of LJ7 and NJ9 were
still higher than that of WY3 during the grain filling stage, dry weight and G, of the flag leaves, weight per panicle were higher
than these of WY3. Meanwhile, under the same condition, the decreasing range of nitrogen concentration in flag leaves was
NJ9>WY3>LJ7. P,, panicle number and yield of LJ7 were lower than these of NJ9 and WY 3. There was no significant difference
about nitrogen harvest index (NHI) among different varieties. As a nitrogen strong absorption variety, high recovery nitrogen use
efficiency (REy) of LJ7 led to its sensitivity to high nitrogen input, its physiological nitrogen use efficiency (PEy) and agronomic
nitrogen use efficiency (AEyN) were lower than these of WY3 and NJ9. Therefore, under the moderate or reduced nitrogen
application conditions, nitrogen efficient varieties have strong capacity of photosynthate transportation, and the yield and nitrogen
use efficiency are optimal. Under the condition of excessive nitrogen application, high nitrogen absorption efficiency variety has a

weak tolerance to nitrogen application rate, photosynthate transportation and nitrogen use efficiency are lower than other varieties

in this test.

Key words: Rice; Excessive nitrogen application; Nitrogen use efficiency; Photosynthetic efficiency(P,)

FUNE A8 i FH 2 I 45 AR 7 i B ) J Rk B A
PR, A AL R KA R T KRR AR K R B i
T, BER AR = B A BN 3 S i R
AR T YRR R . AR R A5, oS A
FIEBE ACKE R i = i R R A P as s KRR AR TR i
Tt /2R A WSOR A FE B 22 77 R Rk Fa
FE R AE AR R ALK F T AT ARAS B 7 AL AU
FIFH R, i 2R e A0k PR 2R ot o D el s R R A
PR RE. d o S RS Rh R AR R R L R R
I VEARIVES SERES NE o VN S LR R A =S R L RVl
BRI PR R o AR, KRR i el RO
SRS DUER 2 A A KR AP AR 7 )
SRR 75 R et st bl R U O SR A S K e
FPEIX, RS AN AR 300 kg/hm®
7T i R A AN I T 4507 1 A A 7
JRAS T L T R A VY R AN A )
YR SRR KRR ) R N S AR T A A R
AR R BEAS AN o B R G 2% A0 R A v i R A
17, A KR R Ak K B E s
e i A R AT HRAR ) 7 B AT AR AR = YA
JEv s AN ] 43U O i 2 ORI 5 3k R A v B it R P
YRR 250, TR = A KR b i) R 2R
FERFIER 22 S 8] T 2 CEZAMER X A
1, ARV BRI SRR R R AR R OGS D e 5 A X
it B 1, K H R BOGA FRIE B 22 A 2 3R A
FHRCR I sZ i ek WLARE . RIL, ARHFSE I o /R A
FHRRE 25 555 K A 7K e i b F e 38 B AL 20 (O R0
i AR T R B RS, B B97E T W50 IR B B
TiieM AR AR 5 HOGEROERI R, SR
TR A R AR A2, DU A 2 2K A 7 e )
PR EFHBCEN P BCE R S

1 #RERE

1.1 IR

RIS T 2019—2020 4EPIAFEAEZRTE o E R B
WA A A R G E KB AR 2 0 B 5T
(31°15'15" N, 120°57'43" E)it47. i e ek
U BOKAS £, JEal 1390 ~ 20 om 1 )2) Bk %
ik pH 736, A ML 46.06 gkg, H A
(NH;-N+NOj; -N) 30.93 mg/kg, F %W 12.82 mg/kg,
B 63.8 mg/kg.

1.2 fifar#

ARG 1 AR R A AE B IAE 152 d A2
i, PEEAMAREM SRR R, YRR,
AR E M 3(WY3), %R 7(LI7)FIRTEE 9108(NJ9).
Hr, WY3 JBiRAHRZAL, He 88 em A 47,
RV, MR HE, SrBEVERSR , 2RI R
WA AR A 223 12.83 kg/kg!"™; LI7 Jyrh#vh
B, R 95 em Zidq, SrBEAE, 2RI TE S iR
B 9 BUIR AR 25505 R 15.11 kg/kg!'20; NJ9 iR
B, BRim 96.4 em iy, MREEREE, KEENE, 4
BE R0, 32 R 7 i g T IR R 2 AR
}19.6 kg/kg P24, 5 LI7 I NI9 ML, WY3 ¥k
Az PR X SR 14 0 S5 ARG 7= A5 o AN, FE—
PR A, LI7 U2V NJO 222404 it 4 2 K W
WeBEF7 1 WY 3 R R IR RE 15 Z A g 551202
T3 Ak, AR ZOK RS EE e (9 U6 BH (https:/www.
ricedata.cn/), LI7 Fl NJ9 M 2ife, R — MFA
B A P AR A o MR i A% 3 DR AR R RO ) R
PERBCRFI, AL WY3 R AR
LI7 A R AWl NJ9 A 280 28 W] XL

[ G

http://soils.issas.ac.cn



956 +

e %55 %

1.3 R EE &R

FH )3 ok L IX 31, P DL LNCGH IR, STt
A). MN(iti N 200 kg/hm?)F1 HN(jifi N 350 kg/hm?) 3
MR FEAKS-A E X, EE 4K, S0EIX R
B SRR BEALHES o = DRSO B S, 5 kL
JE7E S A, CRUE S CHEVE o KRR RS A Ak BE AT R
A 20 emx20 em. ZUE i A RSEAE ¢ BEAR - A=
502 3 WO, JEARIRBETEA , 4> EERnAE 7
ArhaniA, FEAETE 8 A M A o BEAE AR AL LA
I IR AL A AL F NIRRT BERRAS i A P,Os
90 kg/hm*, LA it FH &4 K,0 120 kg/hm®, 4514
IRV 25 A2l I A4 A it FH =X — 0, 3894 A A —
UM A o A A B it 58— AR 35 2SR St
1.4 MERNE

TG 733 T oy B | PRI | SRR o8 AR
SRR FERERRAE B o AL ER BUAT (R E R RE 4 7,
FHUASY B A= W 1) 2 S5 00 2 IR (R 738 A o R Al [ 23
ISR E , SRS TE 105 "C AT 30 min, FH7E 60 °C
AT EEE, Frat T8, Kes e ke &

HERIRESI, e LS 4. 13 Al
27d, WEAAAEHFENLERE WY3 | LI7 F1 NJ9 A3
SIRIARGYEE, SRAE 3 (it AR AEY B, MR
1A % N e PR B, PR T R SRR T,
JE D HA A SIMHE A SENE . FHERINTE
FE (R EA T A o DAST AR S SEME (kAT 4 1), B
AKX B IR — AR, T SRR
Li-6400 XT {H#Ez0%61 2 &4 (Li-Cor, Lincoln,
USA) I Rk 250U G A RFAE 052 B 18] A B
K LA 8:30—11:30, 1EXMEEOEEEFH,
HLIA 20 min, B EIEHEN 1000 pmol/(m*s), CO,
WSk 400 pmol/mol, i 500 umol/s.

FEMRFE R F HaSO4-H0, 1A, AR A
R F Ak % 4 B { (Smartchem 200, Westco Co.,
Ttaly) #4700 22 -

SERY], AARIR /N X FEALICIR 1 m? KA, Bk,
HARK A TG A= o 734, 25 FR TR Bk R K
FEWCAR R A8 5 U RE IR , bric ) e AJe e I 4as [l =
I I = O s B (v WA S g S A DR S
FE . EORECR AR SRR bR, SRR T T T
ik v S Y DT RS AR PSS S/ VAm ne STAT: Q8
1.5 tHXIERITE

AR 5% 2 I AR AT RN 35 5 43 ) R
FRZWRIEE . REABNCR | RIER ISR AR

A 2 3 32520

REWERIEENHL,  %)=FFRL 5 Z AR A
Ex100

R FE LR (PEN, ke/kg)=(iti & X FE A 7= -
25 X R A 7 )/t 2 DX A AR R B SR 28 1 XA v
A ER)

FUHEW LA (REN, %)=(ifi 2 DX AR R 2 -
25 XA AR AR R/t A > 100

RIEAF R (AEN, kg/kg)=(iti & X R4 7 -
25 X R )i A

FrAR I 2 5 U A T4 R 2R 1R (Vhm) =58 20
()1 Jo S A A T ) o i

FRI & 522U A A R L R 4 (kg/hm?) =58 2]
MARHEESFHEMNWEARHEERE
1.6 FHES5IT

IR I FHE % ] Microsoft Excel 2019 #4347
B, R SPSS 13.0 b TGt #2250 07, JF
ETXREHmEMELRH#FITRERELER, RH
Sigmaplot 12.5 #F#EATHIE, EIFRHEHREFRR I
Hre SFHME £ BRfER, WEMEKFER P<0.05.

2 ZERE4SWH

21 FHEPEZHBPARAKERMEKRIEMT
MRRENER

M 1 TR, SRR T, PSR R AL

i PR SR 2 S S T A R E AR R LR
R IR R R T e, o, A LN &,
R 1 55t e (L 7 ) R 28R SR XL g 2580t A (NT9)
T B R R 3 e T AR (WY 3), AR
ZEWA—ENH. B MNZET, M 2019 F50E
&, LI7T M NJ9 TR REDHIL WY3 &
57.45% F 33.36%, ARMAEDIIL WY3 &
21.28% F1 28.92%; M 2020 4EHHEE, LI7 Fl NJ9
KT A B e WY3 5 35.43% Fil 24.87%,
RAEMEBRDIIL WY3 & 31.27% Fl 35.69%; LI7
1 NI9 FH AL B WY3 AR5 46.44%F1
29.12%, AEM BRI HIEL WY3 BT 5 26.28%
M1 32.31%. 7F HN &0, M 2019 4E5¥aE, LI7
FNI9 TR Rt it WY3 & 20.45% Fi
23.82%, AR EENIILLL WY3 & 22.84% HI
17.38%; M 2020 4E5dlEE , LI7 F1 NJ9 (T4 B
LRI WY3 5 11.35% I 21.71%, AR E&E
I3 WY3 5 19.24% F1 17.04%., LI7 FI NJ9 T4
BB B WY3 BIAEEYE 56.81% A

http://soils.issas.ac.cn



251 MRRFESE . BT RARANE R R 22 2 KRR R B FREHE 957
— Y3 LJ7 s NJO
(A) 30
301 20194 301 20204
~ 25t 25t
g
S 20r 201
i) a
B 15} T, b 15}
=
= a
B 10} b ¢ 10}
] c
H S5t 5t
0
LN MN HN LN MN HN
RUKF FUKF
(B)
250¢ ]
07 20104 2307 50004
& 200F H
% 200
a a
< 150} b G . 150} al g
= 3 B b
E ool
w100 L a 100{
'W’(‘ a = a a
® 5ot 50t al
0
LN MN HN LN MN HN
R HKF

(KB ET5 AR /NG 533 7m [Al— Tt K B AN DK RS dh R 22 5248 P<0.05 KF T B35 TR
E1 FEEAKESSKERMFTEAZEAAENENRTZARENZN

Fig. 1 Effects of different nitrogen application levels on biomass and nitrogen accumulation of different varieties from heading
stage to mature stage
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Fig. 2 Effects of different nitrogen application levels on plant growth and development in grain filling stage
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Fig. 3 Dynamic changes of nitrogen content in flag leaves of different varieties during grain filling stage
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Fig. 4 Flag leaves biomass and photosynthetic characteristics of different varieties at middle filling stage
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Table 1  Yield characteristics of different varieties under different nitrogen application levels

A Ak Al AR (10° No/hm?)  FHURIE(No./panicle) ThLE (g) PR () j# ik (t/hm?)
2019 LN WwY3 31.5+0.6b 75.0+3.4c 28.65+0.02a 1.44+0.17b 5.87+0.04 ¢
LJ7 340+£06a 914+42b 27.66 +£0.10 b 1.83+0.13 ab 595+0.23b
NJ9 355+20a 108.5+23a 26.06 £ 0.06 ¢ 2.32+022a 6.80+0.06 a
MN WwY3 49.5+1.2ab 829+22¢ 33.61+0.03a 2.14+0.10b 7.93+0.13b
LJ7 46.5+0.7b 1140+ 7.6 b 3148 +0.01b 2.83+0.29 a 8.74+042a
NJ9 525+13a 116.1+4.7 a 31.00+£0.03 ¢ 3.28+0.04a 9.92+0.17a
HN WY3 60.2+1.7a 103.9+4.0b 28.63+0.07 a 2.22+0.05¢ 8.86+0.46 b
LJ7 542+08b 106.3+6.8b 22.57+0.06 b 2.70 £0.08 b 8.05+0.32b
NJ9 60.8+22a 1249+4.1a 28.69+0.03 a 325+0.12a 10.03+£0.13 a
2020 LN WwY3 33.7+0.6a 683+35¢ 29.49+£0.03 a 1.03+0.02 ¢ 536+0.12b
LJ7 355+12a 90.8+1.7b 28.46 £0.06 b 1.48+0.11b 5.83+0.17b
NJ9 335+19a 103.1+2.1a 2723+£0.05¢ 2.07+0.07 a 642+022a
MN WY3 458+ 1.5b 725+12b 33.40+0.03 a 1.95+£0.07b 7.49+0.09 b
LJ7 414+ 1.1¢ 103.5+53a 32.31+0.03b 2.27+0.06 a 8.61+£0.46a
NJ9 508+1.1a 112.1+7.6a 32.11+0.01¢c 322+0.35a 9.51+0.27 a
HN WwY3 48.5+2.3 ab 84.8+3.6b 28.37+0.04a 1.84+0.14b 8.28+0.23b
LJ7 404+18b 111.4+£9.0a 2535+£0.07b 2.15+0.10b 8.13+0.15b
NJ9 500+14a 1179+3.0a 28.23+0.05a 3.06 +£0.05 a 9.77+0.11 a
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Fig. 5 Effects of excessive nitrogen application on nitrogen use efficiencies of different varieties
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