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1.1 it ary

PHA R AR RE B TR AR RZE (0~20 cm) /KFEL. TIEERK
T BRI RUNG TR, i 5 mm & . AR R BEAR TR A 4 i)
Wi5E . AR 11 pH6.8. A MUK 9.28 g kg™ 4% 1.06 g kg™ 4 &k 6.89 mg kg™, ks

62.8 mg kg™*.
N TR, S AT IRA H F HAE KR AR — B 2t = 5 5 IR 16 5 A SRk FafE
MR KR o

1.2 It

FREX 2 kg i 5 mm ff 35, 2@ imAEE (N B8 (P A (KD 435074 80 g
L™, 25 g L M150 g L™ 9 NH,H,PO,. CO(NH,), HI KCIJREER 10 ml, 70k, it
N N PRI K 43519 400 mg kg™ 125 mg kg™ #1250 mg kg™, +iE#E MR,
WMANEE LN (PVC) & (B N: & 16cm, EHAF 15cm, FEZ 13.3cm) , H
) IR FSRK, OREE IR, BT — 8 . KBR300 WK IR 2
15 min, FZEMKPEIERN, BT 30°CHRFRETER. REHEBRERKA L, At
FKGe K5 JE, EEKA—FIKRER AT 2R . FRBR 5 BOKREmE, R
W, [T, RSB 3 AR AKRRAE IR, RBHh TR K Sy, AR
H R 2~3 em.

WIS 6 MR AE (BRI BEIE (T, IR (B). fFE (H. JF
TEIAREE (A FNER ARG (P, FFLVBEANEE W B R AF T AE KRR REE 3R (CK)),
2 ANKAB AL, FEANACEE 4 REE, It 48 7. KR4 K E BN, BENLIEEEEA
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KA, ROy Z R A B, oAt A 7 S R A AR A o 89 YL Kb P B8 P I PEEAE 1
RANBLGE 7359 ot Wi 6 °C 1 RN G B3R R e 1) B 7 31 9 7:00-19:00 A1 19:00-7K H 7:00
NTAURREIRSEN T5%, TREF COL IRE 5 AR

—e— [ R F#)*{ i Average daytime temperature

—o— [ K17 Temperature increase at daytime
44 —a— P IA)°F 34 i Average night temperature
42 o —a— ]84 i3 Temperature increase at night
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N
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B 1 KRB B AR A
Fig.1 Temperature variation during the growth stages of rice

1.3 KFEEMARER 1

KFET 2016 £ 7 A 13 HE 7 A 15 HE#EATHR#, 11 A 11 HGk. KRRV, HHi
ot By AR =GR, BT IRACRES BRI, e 226, Ak
RAREEKFEM . WORIKRERE e HY B ROKFhoE,  FEFIZEIEK YL, WORAR TS, A
80 C LA it B H . JKAERET TIHORL, SR )5 FHZK SR i R A 2 L 0 0T, I 5 7 )
FPRLEL G5 SERMBRRIEE S8, AL KRERE b s B O B, I HoS04-Ho0, M
o WA R ECR A E BRI E, SR A BT ek
1.4 BiRALE

A B BEREE =Fra (B RRELEMEERE (3 HELE

T Hidls 22K ) Microsoft Excel 2003 #4F#EAT AL PEAN &I 2: 41 A ] SPSS 16.0 Ztit#k
PR RO AT B R 2204 (One-way AVOVA), R /i3 2 79k (LSD) HiA
7 Ak 2 1) (1 22 S

2 7 B
2.1 FE4 B HRE e X kT B R E =S
i 1T, SR B SRR 5 B T K RE AR B, 5 S0k . FPk A R R

B 7RG AL, AR G IEOR B R 5 5 1A AU SRR, 2Rk
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B SRR T L AR T PRI T R 5 S A SRR (p<0.05), Ho, ZiEi
HETRIN, KRS S AR B B IR, 00 L2 96.7% 1 91.1% (p<0.05). SXJIEAHEL, 73
BEI . Ze IR R D T ARG T 5 S RIEEAE 16 SRR, AR, AR AN T A6
BEIR R RS T RS 16 S INA RGEEL. AiSeR AR E . Ho, P fERIR T, HRE 16
SRRIEL . SRR AR, 5 HEAH B2y S R AIC 33.9%. 99.9% 71 91.8%.

FCISANIR] S Fe K R I 7= S ) PR 3 T, FRAE ISR, 283 F 5 5 G RO A 3
THIRG 16 5. BROBEAER GRS, FAbIR R A B 2800 5 SRR A 55 v T
T 16 ‘5o Ze 3 - 5 5 145 LR AE R AN 2 BRI IR AT B 2K TR 16 5 o BRVEES SIS R4,
HA SR AP T, ZediF 5 SAARIE ., XEMMEL S TR 16 5, Hrh, 7EMEE
BRE, ABREER.

# 1 FEIEFHRGIE KB EMREE R
Table 1 Yield components of rice relative to treatment

B RO JEp—
Number of gESg FRLE =xH -
i ib Number of
effective Seed setting  Grain weight ~ Stem weight  Leaf weight
Variety Treatment ) grains per pot (n
panicles per 1 rate (%) (9) (9) (9)
pot (n pot™) pot)

FSTES CK 8.00+l.41a 1031.0+162.3a* 77.71%2.92a*  18.1335.37a* 5.3940.56¢ 6.6942.53bc
5% T 7.00+.71a 410.04152.9b 75.7044.35a* 8.1545.00bc 5.1440.44c 5.70+1.63c
Tairui B 0.0040.00b 489.0487.90b* 2.63+2.37c 1.6240.24c* 8.1540.59b 10.79#1.51a
feng 5 H 6.00+2.65a 957.0+148.5a* 8.2943.82c 4.3140.97bc* 12.8940.65a*  11.50#0.63a*

A 7.00+1.00a* 891.0+217.5a* 20.4346.21b 7.0744.81bc 8.9240.83b* 9.4640.39ab

F 6.00+1.53a 521.04281.5b 80.23+1.60a 9.8145.51b 2.7040.78d* 8.4742.18abc

A CK 7.0042.06a 434.0459.93ab 96.4441.05a  10.45#2.44ab  54540.74bc  4.58+0.59b
16 = T 6.0040.00ab 340.0442.00cd 94.88+2.81a 8.02+1.24b 4.3240.62c 4.1840.51b
Zhen B 0.00+0.00d 287.0457.19d 0.0740.15d 0.86+0.18d 7.93#1.51a 8.69+1.20a
dao 16 H 4.00+1.89bc 313.0+24.71d 1.96+42.19d 1.6040.74cd 6.67+0.68ab 7.3540.46a
A 3.00+1.41c 396.0464.69bc 25.8944.51c 3.78+1.85¢c 6.14+1.26b 5.4340.94b

F 8.0040.58a 575.0280.84a 77.0535.937b 12.4243.08a 4.4630.44c 8.36+1.49a

W CKy Ty By Hy Ay F 0l E0Rnt 8, 288, 2280, WA, JFAeIRFIESR IS IR AL, NS
REROR A — /K FE A, A FHGR A ETE 0.05 /KF EZEREE, *FORFE—HRAEN, ARZKAE
£ 0.05 KF FEFRE . RPHIE N FHERHEZ. T Note: CK, T, B, H, A and F stands for control,
warming at the tillering stage, booting stage, heading stage, anthesis and filling stage, respectively. Lowercase
letters indicate significant difference between treatments of the same rice variety at 0.05 level. * indicates
significant difference between rice varieties treated with warming at the same growing stage at 0.05 level. Data in

this table are meansz standard deviation. The same below
2.2 NEEFHIERIKFEA R A S EHFM

A A E GRS KA AR S B WL 2. SXHRALL, 2B5E. 2800, b
RS, JHAEAIRE SR G IR B & 0 1 2850+ 5 S RAALAIE S E (p<0.05) (& 2A). H
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wh, ORISR, 5T, MAIZEPRES ERE, 2B IEIE S 149.1%. 75.1%F1 116.9%.
FAEHIER, MR RS ERm . EEFEERE, ZENE, KREILERAEBTR. B
T AR AN, HAR A E BIRE N, RBIE 5 SAEMMA S EMNE BRI RI>ZE>

>3,
40 40 2 A7
B OCKETHOB#ZHBARAF
35 35
g o
=30 < 30
W 5 2 w 55
%: § 2 %1 5 20
RS Ii o
g 15 ® g 15
g 10 2 10
Z 5 2 ;
0

7% Husk It Leaf 2% Stem  FFi Grain
JKFEHBAL Rice tissues

& Husk I Leaf 2 Stem  ¥FHL Grain
JKFE#AL Rice tissues

e A: TEGFE 5 5 B: HilE 16 5. KT RNG FRER IR [F] — S AN R L AL B 2 8] 22 5 2. 3% (p<0.05),
T [A] Note: A: Tairuifeng 5; B: Zhendao16. Different lowercase letters in the figure indicate significant difference

between treatments with the same part of rice at 0.05 level (p<0.05). The same below
2 ARG IR KBS A AL &
Fig. 2 Nitrogen contents in various parts of rice relative to treatment

AR TZHF 55, HR R 16 S5/ S EMREMEBLTKEEEH (B 2B). 55X
FEAHEL, ZoA A AR IR B N T B 16 S h R AR, AT E IR B
BN T AT MERAERI R R S R, SR, A IR A 3 R KR A A R
FESMBEI G IR, R 16 SEMM RS Exm, HEZES TR 63.4%FH 37.7%
(p<0.05). TEZEFHIINGIENT, FHAG 16 SAEHME S Rinm, A, B faE S =IEm
TR Z R IR 2 1) 3 22 57 (p>0.05). S5ZEHE 5 SHIFE, ZlIHE WL FRE
BOKFEFFRL. B T 2RI, oAb AR B IR N, B 16 5 %A a S B RIS >
E>5,

SYBEN). JTAEIAES IHIR A R i oF 5 5 R RS B EE S T HAE 16 5. xR,
&

T

>

FHPGIR R 5 SH PR SRR THEE 16 5, MERGE N &% & T35 16
To BEMIAEROVI IR AR 5 SAPRI RS B S TS 16 5, i ARG R A
BEMLTHEMRE 16 5. F—RELAHET, PNmFKETASERNEEZR.

-

2.3 NEE B HHERIKFER ERRMAI# S 2N

FH L 3 Al A, N[ B AR S S T KRS S A . S HEAR L, 2RI
REHAANRER IR BN T ARG 5 SR5E. MRS R (p<0.05). BR T AL
FPRLAL, HoAth %42 B WG B & 30N T 23 F 5 ShPRih i & Horp, Ziiig a2 oh

W B, RERVING IR AN e rh S iR, TR AR B B s, Hoy
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AR R Y 44.1%. 205.9%. 369.0%A1 59.7%. & T ZAREEARGE Ah, HoAth A H EE R,
A F 5 FHES B M BRI RS> ZE> =23 5%

6 A OCKzT @B zH A aF 6 r g OCK T @B 2H BA &F
25 o
= =2
£ 4 £
= £ 15 2
48 3 <1 g
3 ®g
22 8
[=% o
8 8
z 1 T
0 ! 21
7% Husk - Leaf 2L Stem  FfHL Grain FeHusk M Leaf 2 Stem Ffki Grain
JKFEHRAL Rice tissues JKREEBAL Rice tissues

E: A: BEiFES5S; B: #HFE 16 5 Note: A: Tairuifeng 5; B: Zhendao16
3 ARV E IR N KRG &S5 i &
Fig.3 Phosphorus contents in various parts of rice relative to treatment

55 5 5 AE, ZRYAT R R B AR B 16 5 =B S &, (H ST,
ARIB BN EZES, TITAEHIRIE SR IR 20 e 25 B AIK T KR b S & (p<0.05). Hxf i
ML, ZREING IR T E W0 T RS 16 S R so B S E,  (EAN AR GRS AT
o, RIBFIRZFZER. R, SXEALE, 2 BRI 5% FC 73U 16 SHFRL
RS, AR SRR R R . B 16 SRS BN R B RIKIOVFPR> 2>t~
5o

X REA BERIG R A 2R B F 6 5 E P B S B R AT B 16 5. XRAR T, RKiE S5
St FeRE SRR T 16 5, MAERERIIGIEN, HEE R T 16 5. BRI
T, REgF 5 SRR S R RE S THEME 16 5.

24 TR EHIERIIKFER .. BUYGRIEHRIFE

AT WG, 2 A SAOKRE R R BRI AL 4. SRR, 2BE0. il
WL THEIAE SR AR 5 5 AR MCGRIE AU Z FEK (p<0.05). HARIMAEIYIIEGIR
I &5 5 5 M RUSGRIR BRI, ERR RS, AR B R % %R REiF 5
5 R SRUCRAE B e 2 AR R X JE > T8 08 UL > 7 B ST 08 > VR S 08 UL > S AT 1
FAEIYIG R A R 16 5 R GRTE AR T HA IR R AL 2, (E Al AR B 2 8] OR LR 25 22 57
B 16 5 RUSGRIR B o AR IO TT AL 5> T S SUT > o 1 > 73 BE ST il > e AR 48
i CIETAA) . AR T, BH 5 5 MR EUR & m T8 16 5, HAhil
FEXRERTN P A KR R SRR R BRI 3 22 7

SRR L, S ARIATRE S I I T2 AR T B E 5 SRR, OT eI
ZEIF 5 T HIBRIGRAE B 0 A BT 25 25 5 e B F 6 5 ORISR B O 2K N
73 BEWIG R > TG IR >0 HE S b ARG iR > VE K I TR . X IAARLE, 2> BEIIAN Al A4
IR 16 5 BRI TR B0 2 FR AR, T AL ANE ST IR AR 16 5 BRSCIRTE 8 S X AR L
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T FESE. R 16 SRR TE AU R B AR IO T AL 3G 5> 50 S HE S I e 15 > 77 BE Y]
HER SRR (B 4B). fEMERIINGIRNS, R 5 SHBIGIREE Z ST 16
T, FLAMIE AL TR PR A AR KRE O BRISCRAR BOR W 2

A OCKETHBHHBABF B OCKETHEHBABF

EUIESiE
[N ER T3
arvi

Nitrogen harvest inde;

Z&Hii F5%5 Tairuifeng 5 #if516%5 Zhendaol6 ZHiF5°5 Tairuifeng 5 #f%16*5 Zhendaol6
KFE P Rice variety JKF&EFl Rice variety

e Ar BWCRIEE: B: BESGRTEE. BT E RERORIE - AR OAS R i 7 X2 (7] 22 5 R 2 (p<0.05)
Note: A: Nitrogen harvest index; B: Phosphorus harvest index. Different lowercase letters in the figure indicate
significant difference between treatments with the same rice cultivar (p<0.05)
4 AFAE BHEG IR S OKFE M A B R TR 2L
Fig.4 Nitrogen and phosphorus harvest index of rice relative to treatment

39 it

UEAESR, BRI R AERA KA, VIR G St B 2 VKT ) H Bt 35°C i
R KA, RZHXOKTEE KR T R R T R E R, ST, mR KRR R
M BT e Y T AT A 3T, 2 R B0 A R T v A R PRI 300, IR s TR o K A
FaE gy, AR, ZRR P SRR R T BE, KR 5 S AR
16 5 [RATHE 5 50t R 29 FAAR 91. 1% 91.8% . ASHIF 7T Fh, i Re T A2 18 ViR R e /K R P 1) 27
AT, B AL FRAE A ARG T 55 ARG 16 5 KR EE BN IR 43T BEAIE 76.2% 71 84.7%.
IRRGFEACIIIE A T8 Hh S0 /KRS P 5 1 38 =AU, 5o JRAH B, PRI 52 PR T
FeHF: 5 SAGERG 16 S0 LR SHRE, %45 BB s H pTESs. FFEN R
SRR B R 3 EER BRI 7852 1ERNE 1 R MEA KR B2, &S
FREGUERORD G592 T B R Tk 2 BRI, KRR S e o e s M, ey
WA FAL AR B RRAR, RS ROEZ AR E T, SEUkEmERRM, gt
WHFERM, KRR T, SR B TERES, v SRR s, Je& e oG
Viriaiin S E R ) TR, VIRAEFE IR, SEORLER A RRR S AR B AR
AR, S5 23 RRKRE = B AN T BRI, 36 2 7R T R U0 s LB e = B R TR R iR R 22—
IKFE M R AR BRI, ZhseaR. TRIEM R, R, KA R
RN AL 70 5 P 46 TR R A R K A 8

AT SRR, IR AL KRG G /A R A S R N o IXAMIF 9 45 SR A I A i 5
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FrEsE: Yuan SEPVBE A0, AR T e 2t s A B B AR 2 RS R R R
EAVE R 1 Cheng SN AR IR IR MG IR S W A N AU . HRETST, BRI
TERT B Ve RS2k 2 N E e, Jhb, SR mEe kP2, g fe it + 1A HLUR
MR R 3, g, DS PIER RR , ARIR AR R R L R
FEAAIH . IR A, BRI R R RGPS R AL RIRE 7T, AR TR AR RSO
R, X AR R IR P BUKRE R & EIGMA SRR . A FEE5 RR W, SR A KRS R 73 B A7 v
(TS B, 3 R g LA AU TR Hanisak 1 Harlin PRt 0, 6L 207
A KRR R R ) R MAIR -0 3 A S P ) Al R R Ak o 5 0 B B T O
BeAh, fE— G, E TR tROG SRR A E R, RIS w0 W IR
RO AR . DL T BE A G R A KRR B A i R A

ARG TR 2 i KRN B R SCRE ) AR /KA R 20 B 5 v ) Ul 2 B 1 (B TR 4D
BEAIS T /KRR Bl R F PR B AR R (BRI AT 5, M 2 2 PR T
P B K R RLE. (B8 1o BRI R BEADUR R AR P B S &, I8
SRR R OC . i TR KR AR AR 2 g 7 B R S el 1 R 7K U AL ) 5
Wi, AT ASE KRB R L F U AR R D, IR IR A TR RL R AR R o e 4 )
Weak P TIESE,  RS IR FIK T KRR IR R

B SGRIREUR S W E Y ER R F 28R I BB RR , 48 408 3R DR AR AR 2R 1 BRI
B ML EHPRL, Y T RBEAERGAT R, (R B I e AR A T S Ak
M A MZENR GBI S, DERMUKRES R, R, SRIEs s THiEP, FigiE
REEE T KRG R R PR $OE 3 PP Nam PR Fo R, AR T S et KR e
W, H i TR S BUKRBIEA T 2T, PR Bk, KRR R AR
B T B PRI R, IR A KRG R R B R AR, (EE IR
Kb 2 R T KRS S5 36, S BUKR M7= 5 5235 A, DR G /KRS () USSR A B 2 PG
AWFFIGIRAE BT, P S A KRE 1) EUSOER FE B A B G, AR T AR PR 20 2 vy
THABALEE, X FE TR A B RS T OKFE S5 SeA, SEUKRSMRLR 2 RS, K,
TEMGR A R KRR R BRI EUA

ANTR] ft KR 107 B S VBB 25 el B2 (R S AP AE — E I 22 5, XM 22 5K R R I
AR, HHEFCNIE, MGHHRIKRIERD, e B, K7 e, BESEAR
BEBOGRIE R 7 S5/KABIGIR AT A, B /KRN %, AT BRI, Z i) A fh ]
HERIS, 283G F 5 5 AR BN RL B R 2 s TR 16 5 B, JTAEHIANE SR I
I, I 5 SEPREGERE S TER 16 5. i puiX b2 w0 J5 A 3 25 4% ) /KR Uik
MRS FIAR R IE A 5. 2 B BB e e 0, S [R] b/ R A 7 o B L S e DRt B S
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FTRA —E 2R, HAKE™ RS 8 TYRE. Bk, ZRH R 8 ARSI S
LA . NI R KRB 7 B R B 2 1 B A A I o B i s

4 75 1%

ANTA) A TR 5 R R KR A P A R 2R o Z R ARSI T T 0 U 2 B
TR EFE 5 SR 16 5P M FUKFEII A SER AR, Horp,  Z R XK AE 7 &
SO B R o PR AL T G N T KRR A AR AL SRS R, TG iR AL BE K AR B B A R ek T
KA AR MUK ARG AL o AN A2 B IR 562 IR 1 83 F 5 S M RUISCRARH, 1 S A1 iR
fiE4HAE 16 SRR TR R 0T HAd R L AL RE o SRR SR ST I U 2 5 PR AIC T FR i = 5
SRR TR S, 4 BEIIRD SR L RS 16 S BRSOR TR BT 2 PR . IR R R
B IR KRS R T B A — € 225 . Bl i, ASRZE B WIS IR B 2 A T KA Y
PRI T KRR BB, Her, AR R R i KR R S S ST S B

SE 30k
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Effects of Warming at Different Growth Stages on Rice Yield and Nitrogen and

Phosphorus Contents
CHANG Shaoyan' LI Renying*®"  XIE Xiaojin' XU Xianghua® ZHANG Qi* YANG

Jianweil  LIU Yuchun?

(1 College of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China)
(2 Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing 210044, China)

Abstract [Objective] Human activities have caused global warming. So it is essential to get to
know how warming affects rice yield and contents of nitrogen (N) and phosphorus (P) in the soil,
which may provide a certain basis for prediction of yield and quality of rice grains in future climate
conditions.l Method Xin the present study, rice cultivars of Tairuifeng 5 and Zhendao 16 were planted in
pots, which were placed into a growth chamber with controlled temperature, 5°C higher than the air
temperature outside for 7 days, at their tillering stage, booting stage, heading stage, flowering stage and
filling stage, separately. Then effects of warming at different growth stages on rice yield and content of

N and P in the plant were analysed. [Result] Results show that warming at different growth stages
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affected significantly yield compositions of rice, with the warming at the booting stage and heading
stage was the highest in the effect. The plants of Tairuifeng 5 and Zhendao 16 treated with warming at
the booting stage were the lowest in number of grains per ear, seed setting rate and thousand grain
weight. On the whole, warming at different growth stages increased significantly nitrogen content in
stem, leaf, husk and grain of Tairuifeng 5 and Zhendao 16 (p<0.05). The effect of warming on P
content depended on duration of the warming and rice cultivar. Compared with the control, Tairuifeng
5 treated with warming at the tillering stage, heading stage, flowering stage or filling stage was
significantly lower in nitrogen harvest index, while Zhaodao 16 treated with warming at the heading
stage was. Compared with the control, Tairuifeng 5 treated with warming at the heading stage and
filling stage significantly was significantly lower in phosphorus harvest index, while Zhendao 16
treated with warming at the tillering stage and heading stage was. [ Conclusion] All the findings in the
present study show that the booting stage and heading stage are the critical periods when warming
affects rice yield and uptake of nitrogen and phosphorus.

Key words Rice; Temperature; Yield; Nitrogen harvest index; Phosphorus harvest index
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