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Effects of nitrogen fertilizer application in rape season and nitrogen
fertilizer management in rice season on photosynthetic productvity
and yield of hybrid japonica rice under rape-rice rotation mode
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(Rice Research Institute, Sichuan Agricultural University/Crop Ecophysiology and Cultivation Key
Laboratory of Sichuan Province, Chengdu 611130, China)

Abstract: [Objective] To explore the effects of nitrogen fertilizer application in rape season and nitrogen
fertilizer management in rice season on hybrid japonica rice photosynthetic productivity and yield, and provide a
theoretical and practical basis for suitable nitrogen fertilizer operation mode of rice under paddy-upland rotation.

[ Method] The hybrid japonica rice ‘F you 498’ was used as experimental material to investigate the effects
of two nitrogen fertilizer application amounts (conventional nitrogen fertilizer application of 180 kg-hm™>, reduced

nitrogen fertilizer application of 150 kg-hm™) in rape season and three nitrogen fertilizer management methods
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based on 150 kg-hm nitrogen fertilizer in rice season on photosynthetic characteristics, material accumulation and
transport and yield of hybrid rice. The concrete nitrogen fertilizer management methods were M1 (the mass ratio of
base fertilizer, tiller fertilizer and panicle fertilizer was 2 . 2 . 6), M2 (the mass ratio of base fertilizer, tiller
fertilizer and panicle fertilizer was 3 : 3 . 4) and M3 (the mass ratio of base fertilizer, tiller fertilizer and panicle
fertilizer was 4 : 4 : 2). [Result] Compared to conventional nitrogen fertilizer application, reduced nitrogen
fertilizer application affected photosynthetic characteristics of rice at full heading stage, but the effect was not
significant. M1, M2 and M3 treatments increased photosynthetic productivity of rice at full heading stage and 15
days after full heading. The photosynthetic rate increased most in reduced nitrogen fertilizer application and M3
treatment. Reduced nitrogen fertilizer application increased rice stem-sheath dry mattar mass at full heading stage
and maturity stage, conversion rate and yield. M1, M2 and M3 increased rice stem-sheath dry mattar mass at full
heading stage and yield. The highest increase of dry matter accumulation was in reduced nitrogen fertilizer
application and M3 treatment. [ Conclusion] Reduced nitrogen fertilizer application in rape season and M3
management method in rice season can improve rice yield by enhancing photosynthetic performance at late growth
stage, increasing leaf area index, and promoting dry matter accumulation and transportation. It is the best treatment

in this study.
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Table 1 Physical and chemical properties of paddy soil after harvesting rape

RSN APBgke")  ERAgke") BME/(mgke')  EM/(mgkg ) HAH/(mg kg )
Nitrogen fertilizer application Organic matter ~ Total nitrogen Available nitrogen ~ Available phosphorus  Available potassium
g 29.39% 1.87a 128.47a 26.20a 65.86a 6.19a
Conventional nitrogen
fertilizer application
IRE T 27.03b 1.65b 117.36b 25.03b 61.32b 6.15a

Reduced nitrogen

fertilizer application

1 RVFIEB B 0 R FVNG 8k 7 £ 5+ 2 %(P<0.05, LSDi%)

1) Different lowercase letters in the same column indicate significant differences (P<0.05, LSD method)
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Table 2 Effects of nitrogen fertilizer application in rape season and nitrogen fertilizer management in rice season on leaf
area index and photosynthetic potential of hybrid jayonica rice

HAT SR ST 2 5 R
FREHN AALiZ%  Jointing stage Full heading stage Jointing stage to full heading stage
Nitrogen fertilizer Nitrogen MRS AR SR I AR AT AR % HEH
application management Leaf area Leafarea High effective leaf High effective leaf (x10*m’-d-hm™)
index index area index area ratio Photosynthetic potential
HAHA MO 4.20¢ 5.63¢ 3.63¢ 63.94b 164.83d
Conventional Ml 5.54ab 6.69b 4.15bc 61.24c 224.05¢
nitrogen. fertilizer M2 5.28b 745 4.89ab 65.78 22735
application
M3 5.65a 7.76a 5.14a 66.50a 233.87a
TH{H Average 5.17 6.88 4.46 64.37 212.53
IR A (0 432¢ 5.99¢ 3.59 58.05d 169.60d
Reduced nitrogen il 5.32ab 6.79 439 6439 214.68¢
fertilizer application ) 547 841a 5.68 68.96a 239.58
M3 6.72a 8.72a 5.95a 68.04b 250.94a
FYIE Average 5.46 747 491 64.86 218.71
P N 0.350 5 0.098 9 0.1518 0.833 8 0.566 7
M 0.050 6 0.018 1 0.027 5 0.026 6 0.037 2
NxM 0.000 1 0.049 6 0.0256 0.000 1 0.000 1

1)MO: KA EREF ML KABEEREH150 kg-hm™? , m(AIE) : m(2EM) : m(FIL)=2 : 2 : 6;M2: KA ZE# R EA150 kg-hm 2, m(%k
B2) : m(%BERE) - m(ARHE)=3 1 3 4, M3: RAGFARE A 150 kg'hm*, m(EAE) © m(HBAL) © m(ARAE)=4 - 4 1 2;N: b R AR, M: KA F R
Mz %7 X; b R FARF R R EF I 8486 0 R BN B F AR 7 AR K SR P RURi2 % 7 X ) £ 7 .3(P<0.05, LSDi)

1) MO: No nitrogen fertilizer application in rice season; M1: Applying 150 kg-hm™ nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller
fertilizer) : m (panicle fertilizer)=2 : 2 : 6; M2: Applying 150 kg-hm > nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller fertilizer) : m (panicle
fertilizer)=3 : 3 : 4; M3: Applying 150 kg-hm™ nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller fertilizer) : m (panicle fertilizer)=4 : 4 : 2; N:
Nitrogen fertilizer application treatment in rape season; M: Nitrogen fertilizer management method in rice season; Different lowercase letters in the same
column and nitrogen fertilizer application treatment in rape season indicate significant differences among different nitrogen fertilizer management methods
in rice season (P< 0.05, LSD method)

Z, 5t HAb 6 A TR R L . A T AR Rk
R A RS T R AR, HEF AR,
28 i A it SRR B it AR 1 R K FE R ML M2,
M3 Kb B2 S FE SR RS 15 d 6 Sl .
SAL SRR SR R Mo A ERR N, Hdok A
TR DL M3 IR B K SRR e S R K R 2
M3 12 % 77 b & R R i K, A R T
ARSI AR

WL R R A SRR T, K AR ML M2,
M3 Ab B J% 52 R 41T 1A 5 R o R i A ST A
2 T O A S e MO A B B, e i DA
M3 Ak 38 I 5K, 20 il 3G 0 34.52%. 37.83%.
41.88% K 55.55%- 45.57%- 47.95% . W28 i
BAKFEZE M3 iz B A R T3 sk A5
T T AR R B R T 2 R R & 35

HEEREBASKIEERIEEENTH e o e S N~
23 gif;rﬂ;:;;ug7mﬂ+ILHEJE#XTTX*HJ 24 SHRFREMB/ASKETRMLIEE X R
ROLETTIERTE s FERMR, BERENFMN
HIZR 3 WKL, R TR BN SR TTHEI. 2041 wEEREBAL KGR ICE S5t 25

FAJE 15 d W ERHERZ AR 2, KEFRILE
506 2 A HE T R A TR ZR I R AR E 15 d
(I F i A S 2, X Al 5 i bR R AN
Fo E A HRNIN S R RS T R A

KRG AR B HR KIEEEALIE BT R
ARG T4 5 0 R P 5 T T e 3 2 e R ek
Jit AL B A AEE— 8 ZE 5 (B 1) 1R A
BT, AT MO 4B, M1, M2 Fl M3 4b2E 3=



F3W S M S S KRR R U R IS RN 5K RILIZ B0 2 SR & 287 0 S s 27

R 3 OMEFERBRANGKEERREEN RZHFE S FF RIS
Table 3 Effects of nitrogen fertilizer application in rape season and nitrogen fertilizer management in rice season on
photosynthetic traits of hybrid japonica rice

F+HH Full heading stage

FFHEJ515 d 15 days after full heading

BB RANLE%E HEER AL AR/ HEER AL AR/
Nitrogen fertilizer ~ Nitrogen fertilizer (umol'm?>s™) (mol'm?-s”') (mmol'm?>s”) (umol'm™s') (molm™s") (mmol'm>s")
application management Photosynthetic Stomatal Transpiration ~ Photosynthetic Stomatal Transpiration
rate conductance rate rate conductance rate
HAHA MO 12.85d 0.137 6a 6.95¢ 9.05d 0.044 9a 3.32b
Conventional nitrogen M1 20.98¢ 0.165 9a 7.04bc 15.77¢ 0.046 4a 3.37ab
fertilizer application M2 22.72b 0.172 1a 7.34b 16.95b 0.053 5a 3.43ab
M3 29.41a 0.182 3a 7.70a 20.97a 0.055 4a 3.46a
FAH Average 21.49 0.164 4 7.24 15.68 0.0500 329
IR MO 11.78d 0.1317b 6.37b 8.25d 0.041 7b 3.42b
Reduced nitrogen M1 19.41c 0.134 1b 6.43b 17.33¢ 0.050 2ab 3.5%
fertilizer application M2 20.60b 0.178 Sab 7.11a 19.08b 0.057 7a 3.62a
M3 24.61a 0.204 5a 731a 25.77a 0.059 1a 3.67a
P Average 19.10 0.1622 6.81 17.61 0.052 1 3.57
P N 0.063 8 0.8623 0.204 5 0.1933 0.714 4 0.106 8
M 0.004 2 0.1162 0.0472 0.0108 0.600 2 08737
NxM 0.000 1 05133 0.0002 0.000 1 0.038 8 0.002 1

DMO: KA FREE; ML AHEF
2) : m(9BERE) : m(FEAR)=3 1 3 1 4;M3: KAGZE

-

feiE E5 X R EMRAARTRAMBEEORR DB FREATKBERR

-

ior -y

L B

R Z
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AMeiz F 7 A £

A150 kg-hm?, m(AAE) - m(H M) : m(AIE)=2 : 2 : 6;M2: KABEH R EA150 kg-hm?, m(3k
A150 kg-hm 2, m(BEAE) © m(9BHR) = m(FEAE)=4 : 4 : ;N b E B AL, M: REBER
S 2 %(P<0.05,LSDi¥)

1) MO: No nitrogen fertilizer application in rice season; M1: Applying 150 kg-hm * nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller

fertilizer) : m (panicle fertilizer)=2 : 2 : 6; M2: Applying 150 kg-hm nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller fertilizer) : m (panicle
fertilizer)=3 : 3 : 4; M3: Applying 150 kg-hm™ nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller fertilizer) : m (panicle fertilizer)=4 : 4 : 2; N:
Nitrogen fertilizer application treatment in rape season; M: Nitrogen fertilizer management method in rice season; Different lowercase letters in the same
column and nitrogen fertilizer application amount in rape season indicate significant differences among different nitrogen fertilizer management methods in

rice season (P<0.05, LSD method)

A: #FIMi% Conventional nitrogen fertilizer application

B: Jd &= fifi%( Reduced nitrogen fertilizer application

20 a 20
B MO M1 @ M2 M3 b 5 B MOCIM] M2 M3 5, &
h
~ 15t ~ 15}
= == a
IE 2 10 210 | b
iG] == C
B £ w2
=\ =)
B =2
A KA
s ¢ o5 L c
d
b2
N, N e O N D
P FrA A AT FrAEY F A
Jointing stage Full heading stage Maturity stage Jointing stage Full heading stage Maturity stage
KFEAEE M KFEEE M
Rice growth stage Rice growth stage
MO: AR FEE AR M1y M2, M3: KB AR 150 kg-hm?, JEJL 73 BEL, REAL SRR LL 350008 202164 31314, 414:2; B F L B HIA R T B

AR RN F RN ZE 7 835 (P<0.05, LSD i)

MO: No nitrogen fertilizer application in rice season; M1, M2, M3: Applying 150 kg-hm ™ nitrogen fertilizer in rice season, the mass ratios of base fertilizer,
tiller fertilizer and panicle fertilizer were 2:2:6, 3:3:4 and 4:4:2, respectively; Different lowercase letters on the different columns at the same growth stage in
each figure indicate significant differences (P<0.05, LSD method)
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Fig.1 Effects of nitrogen fertilizer application in rape season and nitrogen fertilizer management in rice season on dry
matter accumulation of hybrid japonica rice



28 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

41 %

B H TV RA R M, SOV T A R R
N M3>M1>M2>MO, 5% 7 B ARk 24 11 3R 30 R
M3>M2>M1>M0, M1. M2, M3 |f] £ 27 52, Hi
BEmET MO 1A). TEMEFE A LT,
FHXET MO ALEE, M1, M2 F1 M3 AbFE-T-47) 5 F 2 48
I, BIFE WA M3>M1>M2>M0, M1, M2 1 M3 4b
T[] 1R T o AR SR AE 45T A AN e A 22 e W3, R
I ERA R, YWEZEST MO(E 1B). MXTT
R 2 99 it U MO ML M3 AL EE )
AR B 50 A B 4.84%. 1.15%. 5.08%, i W 522
IR ARG M3 2% 5 ORI m AT
R ENRBAE.

R 4 7[5, WEFRAE KEFERILEZEE
77 2 R =3 (28 H KN R 4 A8 RE D R R 3B 1) B R
K 20k B 38 25 B 2 25 7K P o AE O T R % I8

x4 MRFRBRANSKEZFRLEENRZHFENRRREE

2t A B S5 R 2R A T R R 2R
VIR R & ZEEY R AR S NI T 7.98%;
8.60%- 10.29% . JH1 3 7= & K it 0 ek 5 e 20 2% 1
T, AT MO ALEE, M1, M2, M3 Ab B 55 A AN Bl
A ZE W T 0 R R 3G, H UL M3 A E
M B K, 20 S0 31.10%- 16.54% A1 34.54%.
15.55% . MEEAR 15, I =% 2= el o it S50 AN /K i 2=
M3 iz ZE BT AR RE TR, AR T2k
FAZRBI R RS #1E

242 WMEFFRIEHBANL RBGERLIEETL T
RaAG EE W e R S AR, TS 2R i A =
IKFE R E N B %5 7 2 M 3 138 5808 % 4 58
Fei e b R R AN B 3, (HAK R R RiE &
P B 3 1 A T 2K 6] SR UL PR R R 5 T OA R
R R K o A T R A, IR i Ak

gEAlD)

Table 4 Effects of nitrogen fertilizer application in rape season and nitrogen fertilizer management in rice season on

accumulation and transport of hybrid japonica rice

SRR T R

RIEBN

Nitrogen fertilizer

ALz %

kg-hm™
Nitrogen fertilizer (ke )

Stem-sheath dry matter mass

IR ZE BT R
(g'hm”)
Stem-sheath dry matter

BT R YR %

Export rate of Conversion rate of

application management of full heading stage mass .mass of stem-sheath matter ~ stem-sheath matter
maturity stage
TR MO 5340.46d 4034.71d 24.45ab 19.71ab
Conventional nitrogen M1 5378.51c 4166.68¢ 22.53b 13.48b
fertilizer application M2 6575.03b 4556.74b 30.73ab 22308
M3 7001.52a 4702.05a 32.84a 23.76a
SFHIE Average 6073.88 4365.05 27.64 19.81
TR MO 5 604.60d 4286.55¢ 23.54ab 18.46bc
Reduced nitrogen Ml 5637.07c 4357.23d 22.70ab 14.38¢
fertilizer application M2 7452.83b 4865.72b 3471a 2792
M3 7540.67a 4953.19a 3431a 26.65ab
THIME Average 6 558.79 474025 28.15 21.85
P N 0.0453 0.0019 0.100 6 0.008 4
M 0.005 8 0.0272 0.005 4 0.0238
NxM 0.000 1 0.000 1 0.000 3 0.000 1

1)MO: K45 % R R M1 KA EHRRE A150 kg-hm?, m(EIE) © m(2 M) : m(FEAE)=2 : 2 : 6;M2: KA FH R EH150 kg-hm?, m(k
RE) © m(HBENE) : m(FEAE)=3 ¢ 3 4, M3 KAGFF A 150 kg-hm?, m(EAL) - m(HBNE) - m(FERE)=4 : 4 : 2;N: W E F R M. K
#ERIEF7 X R FHRARERIMEE N AR DS FREATKGERR RIEE S5 X £ 7 2 (P<0.05,LSDi%)

1) MO: No nitrogen fertilizer application in rice season; M1: Applying 150 kg-hm ™ nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller
fertilizer) : m (panicle fertilizer)=2 : 2 : 6; M2: Applying 150 kg-hm nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller fertilizer) : m
(panicle fertilizer)=3 : 3 : 4; M3: Applying 150 kg-hm” nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller fertilizer) : m (panicle
fertilizer)=4 : 4 : 2; N: Nitrogen fertilizer application treatment in rape season; M: Nitrogen fertilizer management method in rice season; Different
lowercase letters in the same column and nitrogen fertilizer application amount in rape season indicate significant differences among different

nitrogen fertilizer management methods in rice season (P<0.05, LSD method)
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x5 MREFRBRANSKEERIBEEX FAHFE~E K= 2RI
Table 5 Effects of nitrogen fertilizer application in rape season and nitrogen fertilizer management in rice season on yield
and yield component of hybrid japonica rice

bl el R (<10 hm? EYE
Nitriziiglizer Nitrifij;flizer ﬁxﬁNlﬁLei(:)fhm ! Nurzirilfieds %i%/% %:*Wﬁ i/g iq&ﬁ%i/(thm’z)
application management effective spike per panicle Secd setting rate. 1000-grain weight vield
TR MO 13321c 199.62b 89.86b 30.70c 6.62¢
Conventional nitrogen Ml 153.86ab 203.66b 90.86ab 31.19bc 8.98b
fertilizer application M2 152.82b 207.63b 91.51a 31.78ab 9.05b
M3 160.74a 218.68a 91.58a 32.16a 9.67a
FI4{H Average 150.15 207.39 90.95 31.46 8.58
R MO 128.71b 205.71a 89.92b 30.25¢ 6.54¢
Reduced nitrogen Ml 153.72a 211.63a 90.83ab 31.61ab 8.99b
fertilizer application M2 149.64a 218.64a 90.94ab 31.33b 9.26ab
M3 155.88a 226.36a 92.27a 32.25a 9.70a
SFA{H Average 146.99 215.58 90.99 31.36 8.62
P N 03359 0.2937 0.8858 0.776 7 0.286 1
M 0.024 5 0.1295 0.0544 0.1292 0.0020
NxM 0.0823 0.2392 05840 0.095 6 0.000 1

DMO: KA % R R ML KA ZERREA150 kg-hm?, m(EAE) © m(2BERE) - m(ARIE)=2 : 2 : 6;M2: K& FHEETH150 kg-hm >, m(%
Fe) : m(BERE) - m(FEAE)=3 1 3 1 4;M3: KAGEERE A 150 kg-hm?, m(EIR) © m(5 BAE) : m(FEIR)=4 : 4 : 2;N: b E BRI M: REBF R
Reiz %7 K i K AR R RFI MG 69 R R B FE A FRAGE R R RIEEF 5 KA £ 5% 22 (P<0.05,LSDi%)

1) MO: No nitrogen fertilizer application in rice season; M1; Applying 150 kg-hm * nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller
fertilizer) : m (panicle fertilizer)=2 : 2 : 6; M2: Applying 150 kg-hm nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller fertilizer) : m (panicle
fertilizer)=3 : 3 : 4; M3: Applying 150 kg-hm™ nitrogen fertilizer in rice season, m (base fertilizer) : m (tiller fertilizer) : m (panicle fertilizer)=4 : 4 : 2; N:
Nitrogen fertilizer application treatment in rape season; M: Nitrogen fertilizer management method in rice season; Different lowercase letters in the same

column and nitrogen fertilizer application amount in rape season indicate significant differences among different nitrogen fertilizer management methods in

rice season (P<0.05, LSD method)

BRI R, SR LW E M T
3.95%- 0.04% 0.47%. 7E M =% 2= 5 0 it 200 o =
iR A& R, AT MO AbEE, M1, M2, M3 4b
() A AR R R RO HOR S U = 38 A 3G, 3
DA M3 4b P2 5 1R B K, 23 0 B4 0 20.66%- 9.55%.
46.04% F1 21.10%- 10.03%- 48.39%. H L0 %01, i
KRR KIEE M3 8% NIRRT RAE K
TR 5 g AR 5 o R R RO, SRR TR

AT

3 Wi

3.1 GHRFRERASKEEARIEZEX HRITH
R ARSI
KREER RS ER < B8, &
) RNE 2 % 7 3UnT BLR R KR8 AR 8 e R AR
Lo BRI AW TR DL R —KREHe A A
ST A AR AT M3 12 % T R R T

KRG EPERE M AR B RT I B DS
o BET 3R KRG B, 3 B DR AT e A il SRR
R BORIE, MR E 4277 73 K HE 77 BB, IR A
G WA A LR T DAY e 338 P v 1B R T R
e H A R o ISR AR O ER 0 Tk B AE I 2
KFEZTHRER SRR, KBEFSHNELIE
Z N T AR BC AN, Rah 1R SR AL S A
AEs BRIE T R IR AR, KRR AR R R i
ARHR BOMT e R0 AR5 B, FAT B0 ) ' 3
RE /7, B KR HOL & VR RE, 220 & 3 R F B
W2, kKL B S 2 R . A B RUIE
12 75 ] DA PR AR A AU AR R Uk, 18 ] 46 )
JRIVFEAL, R 2R & &, Hssot R g 7% iE
BE 1, IEGKREERIEZ, AT ROR DL G PERE, HEim
N il R i b e S 1R I R B e
A, RIFECR L& AR, X 5w R A
AEEE L
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32 SHREREBRASKEBERIEEZE X 23

FEMRINAESEE. FENEnm

KRG T 53 A 77 g 0 A 43 i T =X B 8 B ) e
&g AR R SRR 1) 28 B I RE 2
TEDD = R i hl, 52 DR R AR B 4% (i 4t
AW FE R I, SR R ARG S M3 12 B )y
REA BTV AR R 5, JE IR AT A&k
oy BE 1 2 1R AR RO B LR, PR R R
B2, ¥ MRS %5 5 KR R K 1 T R A
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FH ORI SR B, & B 0 il K P A R % 07 T
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it 280 ok it A B K R RGN T 0.47%. YR
2 e S5O ik B e R /K A 2 M3 1a %8 7 Ui S
PR G ZE 5, T BE AR T SR 2R = i A K R R M3
8% 5 IR D TR BERN 55 34 40 BRI R AR, (R
S0 BE R, R ORT SR B e B, T A B
Btk AHEMENEER R T KRN L
R HOR TR 2, X 50k E R B A A
oo FEAARIG 261N, 2 i il E K R 2 M3
1B %77 A ARG ™ T e, 1255 9.70 ¢hm ™, BE
RE PRI AR EEN, SLREMR AL B (A K, BRAIE = 5, M
ARARI T AL AL
33 #ig

M Y5 1 ORI SRS 96 S ZR I A (150
kg-hm™?) FKFEZE M3 12% 7730 [m(GEAE): m(BEAL):
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