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Abstract: [ Objectives ] This study examines the dry matter accumulation, material transportation and yield of

N-efficient rice cultivars in response to ecological conditions and N application levels. We aim to provide a
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scientific basis for selecting suitable rice cultivars in different ecological regions. [ Methods ] Field experiments
were conducted in two ecological sites; one with low light (Dayi County, Sichuan Province, DYS) and the other
with sufficient light and temperature (Yongsheng County, Yunnan Province, YSY). Ten rice cultivars were used
as test materials. Each cultivar was subjected to three N application levels (0, 120 and 180 kg/hm?®). The rice dry
matter accumulation (DMA) was measured at the jointing, heading, and maturity stages. The dry matter
translocation's (DMT) contribution to yield was calculated and the rice yield was evaluated at harvest. [ Results ]
The ecological condition, N level, cultivar, and their interaction affected rice yield and dry matter accumulation.
Cultivar Yixiangyou 1108 in DYS and Deyou 4923 in YSY recorded higher yield at N120 than at N180.
According to GGE model analysis, Yixiangyou 1108 was a low-N-efficient cultivar, Jingliangyou 534 and F-you
498 were high-N-efficient cultivars in DYS. Deyou 4923 was a low-N-efficient cultivar, Zhongyou 295 and
Fengyouxiangzhan were high-N-efficient cultivars in YSY. The DMA and DMT of high-N-efficient cultivars
were affected by ecological conditions and N levels. In DY, the yield of low-N-efficient cultivar was driven by
DMA and DMT before jointing, depending on the number of effective panicles per unit area. Pre-jointing
population growth rate (PGR) was significantly and positively correlated with yield (» = 0.70™) and effective
panicle number (» = 0.417). In DY'S, high-N-efficient cultivars had (P<0.05) higher DMT after heading and growth
rate from heading to maturity compared to other cultivars. Rice yield was positively correlated with PGR from
heading to maturity (» = 0.56") and DMT after heading ( = 0.37"). The low-N-efficient cultivar in YSY had
higher PGR from jointing to heading stage, higher DMT before heading, and the 1000-grain weight was 13.61%
higher than the average value in the same treatment. In YSY, high-N-efficient cultivars had high PGR from
jointing to heading stage. The yield advantage correlated to the high number of spikelets per panicle. The PGR
from jointing to heading had a (P<0.05) positive correlation with yield (» = 0.60™) and spikelet number (» = 0.68™).

[ Conclusions ] In low-light areas such as DYS, low-N-efficient cultivars' high yield is dependent on rapid PGR
and high DMT before the heading stage. In contrast, high-N-efficient cultivars yield depends on high PGR and dry
mater accumulation after the heading stage. In areas with adequate light and temperature, such as YSY, the higher
PGR from jointing to heading stage was a common feature of low and high N efficient cultivars.

Key words: rice; ecological conditions; nitrogen fertilizer; dry matter production; yield
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Table 1 Introduction of rice varieties

AP mRh AR AR L G
Variety type Variety name Parental source Variety abbreviation
T 2R 243 F EHPfEAE & Jingliangyouhuazhan it 4155Sx4E 1 Jing 4155SxHuanzhan 2-JLYHZ
Two-line indica hybrid rice o s 534 Fingliangyou 534 i 4155SxR534 Jing 4155SxR534 2-JLY 534
il Ay 1 B 1108 Yixiangyou 1108 B IAXHMK1108 Yixiang 1AxYihui 1108 3-YXY 1108
Three-line indica hybridrice v 603 Chuanyou 6203 JII LOGAXJLI% 3203 Chuan 106AxChenghui 3203 3-CY 6203
HA 2168 Yixiangyou 2168 H 7 1AxHR2168 Yixiang 1AxHR2168 3-YXY 2168
F{t 7 5 Fengyouxiangzhan 2 AxR6547 Yuefeng AXR6547 3-FYXZ
s{)t: 295 Zhongyou 295 H 9AXIRIK 295 Zhong 9AxHehui 295 3-ZY 295
F {)i: 498 F you 498 FS3A*%)K 498 FS3AxShuhui 498 3-FY 498
T 2115 Yixiangyou 2115 A 1AHEPK 2115 Yixiang 1AxYahui 2115 3-YXY 2115
811 4923 Deyou 4923 875 074AxR4923 Dexiang 074AxR4923 3-DY 4923
e 2—HITUPH R ASEHE; 3—hITR = R 35 HE
Note: 2—Two-line indica hybrid rice; 3—Three-line indica hybrid rice.
R2 BESERRETFER
Table 2 The meteorological factors at the two ecological sites
BRI P HAE— R B
KT TS-JS JS-HS HS-MS Whole growth period
Meteorological factor mikeE =Kk WikE Bk WHRE B WikE  mEAkE
DYS YSY DYS YSY DYS YSY DYS YSY
PR (°C)
11453 1623.7 839.2 729.6 1010.6 994.5 2997.3 3347.8
Accumulated temperature
&M (mm)
. 266.1 4225 485.5 252.0 733.4 339.8 1487.6 1014.2
Rainfall
H ARITEL (h)
134.9 359.2 90.4 168.6 105.6 209.0 331.0 736.9

Sunshine hour

I AKFEFHIRE B4 20H 29124 H, JkHEA4HSHZEI010H,
Note: The growth period of rice in Dayi is April 20—September 24, in Yongsheng is April 5—October 10. TS—Transplanting stage; JS—Jointing
stage; HS— Heading stage; MS—Maturing stage. DY S—Dayi County of Sichuan Province; YSY—Yongsheng county of Yunnan Province.
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Table 3 Effect of variety, N application, and location on rice yield and dry matter production (F-value)

BEfR: K2 Population growth rate

5 S g
Source of variation BR—k P — i — R CDMTR CDMAH Yield
TS-IS JS-HS HS-MS

b Variety (V) 3.07" 31.92" 3.85 8.77* 417" 7.45"
ZAJEALBE N treatment (N) 61.04™ 38.76™ 71.20" 2132 99.69** 208.02*
#4545 Location (L) 600.97" 9144.08" 568.64" 993.66™ 917.97* 180.02*
VxN 2.44" 8.87" 2.84" 3.86" 3.30" 0.99
VxL 1.22 35.83" 4.40™ 345" 4.43™ 2.71%
NxL 22.08" 16.18" 1.11 6.82" 0.59 536"
VXNXL 251" 8.29™ 3.10” 7.51" 3.58" 1.18

F: CDMTR—BEFT T B AT FPR A STk ; CDMAH—RUS T YA B XAPRL A BTlk%; **—P<0.01,
Note: TS—Transplanting stage; JS—Jointing stage; HS—Heading stage; MS—Maturing stage; CDMTR—Contribution of dry matter transformation

before heading for grain, CDMAH—Contribution of dry matter accumulation after heading for grain. **—pP<0.01.



6 4 RFT, F e ARSI T R BOKAE R T4 B A A5 1019

T2 B Mty R R R A A SRR I T4 T A AL X A
R TTRRR . AL, Foa 2B SR FCAE R, R
SEmESAMSME LSS AR SAS N
(B ETE S AR
22 ESEHMRELERKFE~ERNF

PAASFMET, AT R A E A B 7 =
FHM ARG RS (G 4). TEAE AT
i 11 BELAE THT AR AR HE R B 4R 17.10% ~
23.47%, MIMF=mE K EHE R 12.28%~18.40%. &
JIEL =3 5 o B T AR A 8 e R e R A A L
B E B R R, N120 A1 N 180 Ab B AY A s %L
b NO #2755 16.98%~23.55%, FiALECIL NO #255
12.78%~17.15%. AS[E S FhlE] > a2 B, HAE
PAE S SRR E AL B S D | 22 58 TR TRl . K
BAESS, N120 40# T LUEAL 1108 A1 F 4 498
PR, CHAA R 1108 PR UL ATE T HA SR ECR
TR ER R, 00 F A 498 W IH PR T H A R A6 50m
LESIRE; NI180 ALH R F I 498 Frife s, %5
P AL T R BB BOM 25 9 R 05, 0l e [
AEFRSER(E 1 10.27% F19.96%; 10 NS R R &
e 1108 AL 6203 7E N120 ZbFE T Y77 b N180
A FER A3 132 5 4.68% F 7.02%, T HEAY Sh A A P
D i it 0 3 I, AR RS A, N120 b3
T LI 295 FIAEAL 4923 P, Hop Pl
295 ()RR AEAAL SR =, TEAL 4923 FFRIEIR R AL,
TR FE 4 A AL BESF- S5 (5 55 13.61%; N180 AbFE T
295 FERE G- mtfem, PIAS SRR =
WITE T R AL 80w, 4300 B[] Ak BE At i b -
PIEARE T 22.84% F118.33%; 10 A ShAh b JIAL
6203, EAML 2115 AL 4923 #£ N120 TR/~ H
N180 ZbBE4Ml i T 142,95, 360.05 il 113.37 kg/hm?,
LR A 5 O ot 2R o T

BUHKE, ARESFEMELLAHET 10 45
e o 2 S W 2, T IR]— AR SRR TR o B L
(A T AR AL o PR I A 25 a5 R 7 A4 it A LA Sy
WEe, PR AEN A E T GGE B4 HT (E
Do HE LA, RE PRI —4,
FELAAL 1108, SHPAIL 534 F1 F 4 498 3& A 7613
BERAEK, HP P 498 ERHE P K& ™
KMERI P BAC AL HR 8 oy — 21, SRR
T 295 FIFEL 4923 i A FEIZAEE P A K, Hih
TR 295 TER AL Tt die i, X 53 4 1904 1
— 2, MTEARE T, 45GR 4 ME 1R, KE
A EEAED 1108 IRALBE = R &, FFif 534

FUF A 498 A& T = i fierm s AKIEFEDL 4923 W LMK
REFRE e, FREFSMP 295 SR T ™
Wi, Bk, EREASSEERL 1108 & ChK
R, S 534 A1 F A 498 5 LA AR
R PR 25 5 A 4923 AR A RO, FILHE
di L R 295 R AR,
23 AELENARKERMESEENERTYIR
CAEY= 0

PAAESFMET, AREACAA B AL AT
B BRI 22 5 (K 2) MOARTRAEZS s+
YRR Rk E, ST R AR A LUK &
T B A FE R B 9 22.12%~28.91%., 5 It +
Py I FR 2Rt Y e S 3G i n, HLNoO Ab L
HAWIALFR ] 25 57 B 0 . AN [R) ] 4 B R 2R
NESBE, AWASSMMERR, REASE
N120 420 FF T A0 R plC 20 347 DAL L e 5080 ot o 1)
T AR R fsr, FEEI N180 AbFE T o Al A Y
ARG 5 K JEE A5 N 120 A 34K T ARG 260 s Ak 0 1
YIRA R i, N180 AbFE T R AN B 20 W LA 5
A = . B KRS, BB
KE AR P I E SR KR 1.6~2.1 %, 4l
o 2 S B ) A e B v o A [ it 0 Ak L ) % R
PRI AN A A 1 B A A R AR R i
SR, AR A A L N120 A B fEA
A K H (PGR) Hieim o AN A AR al A [A] 4% A= & I 30
B K F LR RE, KESANIR0 A TERER
TIAMC A = AR PGR H A AR BESF- S {H R 14.73%,
FE N180 Kb H T A iy e 20 a8 8 ot b 1) PGR 10
%, b 2 A S A R Y PGR DB f &
Hp A, AR AN, N120 AbFRES L 2= 3k 1 LA
TR R AR B I, T 4T 2 A Ui S 10 5 ol )
PR AE RO L R AL B 5 12.04%, 48777 2 Al )
N180 AbFE T LA A A i A PGR e K
24 FBLESAEIKFERM PR
LY EA= 0

K3 RH, fokfdah . E, A
T AR R A 0 Bl A A 25 5. I K B
I A 4 B R O Y T A S A T
R E N TC R 22 5, A 2 B AR Y T
Yy LUK M . RUIE A B R R I, R
R T DL N120 A BE i oh, HEATAT A 2E |
W Ty o ) it 2 3 T . DA
FhlAIZHKE, KEAS L NI20 b3 R A SR
an FPLEA AR ZE R . h R T E MR A T



28 45

7 5L B A 4

e
=1

1

)

1020

V00501 V 8988 V §8LT VvV 8T6C d6L°68 VI10°L8 VOLLT VI9eLl V 60SC vV Te0C UBSIN [fAc
qe se0'I1 99 L8Y'8 qv9ie q06°'1¢ OB 1768 9S9VL P 8091 P SLLT P2q £'61C Paq ¥°10¢ €cor Ad-¢
P34 #%0°01 OQB 66L'8 B60CE BLTYE B19°16 qe $¥°06 J Tyl JSIST PoTLET P2 0°061 STIT AXA-€
2qe Z88°01 qe 8296 9p €1°'8¢C paCI'6C B 18’16 BOI'CO B £'60C Poq 8961 P9°LOT 9P 6'SLI 867 Ad-€
BYOETI Oqe 6EL'8 99L°LT P Te8T 20598 Poq $T°98 BO0IC qe y'CIC Po L'6TC 9YCLL S6C AZ-¢
Poqe G801 99 6878 P SI'8C P0OL'8C BOCI6 oqe 9/°88 B T60C 2Qe ¢'70T P 1'80C P I'8L1 ZXAd-¢
PoSSL6 O€8LL POLL'8T q8y'ce 99 €L'98 99 66°88 QLS S 1°0€1 Poq 895¢ qe L'1¢e 891C AXA-€
P S99°6 oqQB €TL'8 2Cl'6T 9q €L°0¢ BYL16 B9Y'16 P8¢9l J 9551 P2 8°8¢C Qe TEIT €029 AD-€
Poqe [LE0] qe 61C'6 3 20°¢C dLTTT qe £6'68 P 99¢€8 qQTeLT B GCTC qe T°86¢C qe 9°¢TC yeS AT
Poqe L6L°01 BILL'6 9L8LT qQTLIe Oqe 79°88 9qe $9°88 9q I'CLT FLLST 24.9°19¢ qe ¢'81¢ 80IT AXA-€
Poqe 9Z¢01 qe 9106 3660 9LTET BTS06 PoCI'S8 JL691 Po €981 BLICE BLYEC ZHAI(-C (4}
q580°8 q10TL V6'LT V 617°6C VSLY6 V 588 qg5vs1 V 6'8S1 q¥°¢0C qdL¢eL] UBSIN 1A
B 6088 0Qe 8BE'L qQILIE q 65T 9P $$°C6 J8S°I8 20°6S1 QLS Po 5681 P 1°691 €cor Ad-¢
296108 9B 890°L BOl'¢EE BEO6'SE QB €656 qe 0¢'€6 361l 9p LeTl 2qrele 9P 891 SIIT AXA-€
PISI8L B898'L P 9T'8C P 6€£6C qe ¥0'96 BEVSO avILL qe 0'9L1 P 9891 3 8PS 86% Ad-€
Poq 098°L qe 0v9°'L P E8’LT 960'8¢C P9 1016 J219°¢8 qG0LT qe 1'9L1 PO T8LI JP8LST S6C AZ¢
qe 00¥'8 29 1269 P TT8C P 09°6C P2 0¥° €6 94 98'68 BTE8I BL961 POT'GLI Sy6¢€1 ZXAd-€
P SotL 2¢€9°9 d¥8°8C qe6lce 29¥'16 PO8LLY 294! 9 ¢8I pageol qe6vol 891C AXA-€
P3q 6¥8°L OQB €TT'L 261°6C 206'0¢ P39 50°S6 2q21°06 J8ovl pagerl P26°10¢ PO¥'8LI €029 AD-¢€
29 066°L 99 €00°L 9L0°¢T JLSTT qe 90'96 P2 1€°68 28911 qreLl qe 'ove 2q0°L81 yes AT
BTI8E OQB [6€°L P£€6'LT P2 0¥°0€ B0E86 9P 61°68 dGLST dL6v1 P2 9%0¢ PIELT 80T AXA-€
2q $E6°L 99 6L89 J2o1e Jyeee P29 8916 P206'88 PTTsl qe ['LL1 B LT9C BLEIT ZHAI-C 0
Suoys3uo x 1Keq FuoysSuo x 1Keq Suoys3uo x 1Keq Suoys3uo x 1Keq Suoys3uo x 1Keq
N WY R Y ¥ @Y ha Y e Y fotre QOMHMM\MM N
PISIA JySrom ureis-g0| oje1 3UI}es-pads ororued Jod 1oquinu jo[oy1dg Joquinu d[orued A0 g .W JME

(wy) FHoof

(3) L

(%) X645

By

(wy/,01x) FERE s

s1s Sudyssuo X pue 1Ke( Yy ur sajea uonedjdde \ JUIIIPJIP J9pUN SIPILIBA IILI U} JO sjuduodwod pRIA pue pPIA  d[qeL

EMMUHAEL N EAANGEL 01 L EHHE RN TFEL W v



1021

(S0°0>d)
SJUSWIIEAI) N SUOWE dOUIJJIP JUBDIJIUSIS 9JedIpUl S1139] [e31ded JUAIIJIP pue ‘(G0 0>d) 218l N dWESs Y} Ipun $o1)oLIBA FUOWE JOUIIJJIP JUBIIJIUSIS 9JeOIPUI SIANQ] [[BUWS JUIJJIP AQ PIMO][O] SON[BA :9JON

° e W AN S T Bl T B M fep L B [l " e W S oA NS TR [ T T — [ 2 o B[] S SR N (] * L

VOERTEE R /DAY | Vi =k

g3

=N
RUA]

BT

R

RA, AF

6 1Y)

V 89901 V 8S1'6 VELLT V 0S°6C DIS°L8 V LTS8 V0181 V T6L1 V €'16T V L'+0T UBIN 5T 7
qe 226°01 qe 0068 qTele q10°¢e qe 80'88 0¥'SL J1e91 9pogELl Po £eve qe 8°91¢ €cor Ad-¢
q¥89°6 ® 6086 By6°CE 696 By1°06 qe 0¢'68 qyosyl Sy Ipel P ¥ICC 99 6961 STIT AXA-€
qe 29111 BLTOI 9P 90°8C P L¥0€ B S 06 BILE6 qe91¢ 999°L61 P 9'%0C 29081 867 Ad-€
B GRETI q€80°6 2€9°LT 9T¢E'8C 9q Z8'¢8 9q 88'L8 B{CCC q0°¢I¢ P2 9'9¢¢ SQLILL S6C AZ-¢
qegITIl qe 660°6 9P 60°8¢C 9L6'LT BO1'68 9q 8468 qQTvic BLYYC P $'60¢ d¢'681 ZXAd-¢
42666 98908 P2 ¥9°8¢ q06'CE 9qZ6'¢8 9q8C'L8 31851 39'8C1 99 6'85C ©]GTC 891C AXA-€
qTTs6 qQISI'8 966'8¢ P T¥'6T ® L8806 P2Q91'v8 J 1291 SRR P2 9°vCC 99 6961 €029 AD-¢
qe [¥9°01 qe ¥¥S°6 FL8'TC 380°CC 96098 9P SE6L S7081 99 L7T61 qL10¢ B RGET yeS ATII-C
qe 9¢8°01 qe £€'6 9ELLT 289'1¢ 99 66'S8 9q 8L'98 PSSLI 9P $'991 29 1°09¢ 29 t°L61 801T AXA-€
9920l Qe SIe’6 3280t JOv'ET 2¢6'C8 pocees 9T0LI P T8I B LTsE € ]0¥C ZHAT-C 081
Suayssuo & 1keq Suoys3uo x 1keq SuoysSuo X 1Aeq Suoys3uo A 1Keq Suayssuo & 1keq
e Y o Y T Y v @Y R @Y foweA G/
’ uonedrdde N
PISIA ySrom urerd-000 | djel FuIes-paag orotued 1od Joquinu 3o1oy1dg Joquinu d[orued 9AROYH el R

() H..f

(3) Hi+

(%) 647

WAty

(W0 1) WEE R

panunuod 4 dqe], ¢ I



1022 W) E IR 5 LR 2 il 28 4
PC1=63.38%, PC2=29.46%, :Transform=0, Scaling=0,
100 Sum=92.84% ;Cenleringzz, SVP=2
N120-DY  NI180-DY
50 ¢
N
0k 4
N180-YS
-50 | .
~100 LEN120-YS
-150 -100 -50 0 50 100
PC1

E 1 GGE XrE 2 @METREIME T A& MM
Fig. 1 Adaptability of varieties in different environments based on GGE biplot

T WERFET IR O ERY (Centering =2) . ARIEFRNY (Scaling =0) ¥ fFP-FREE PR . R AR EIBLEARE M BL T4 (SVP =2), A
PHCFE 1~ 10 Z- BRI PIRAE S . FAE 1108, SPIE 534, JIME 6203, FIAML 2168, FALF . B 295, F i 498, HA&M
2115, f#ff 4923; N120, N180 435I Rt & 120, 180 kg/hm’,

Note: The biplot is based on environment—centered (Centering = 2) and un-scaled data (Scaling = 0), using environment-focused singular value
partitioning (SVP = 2) method. The digital 1-10 in the figure represent variety of 2-JLYHZ, 3-YXY 1108, 2-JLY 534, 3-CY 6203, 3-YXY 2168,
3-FYXZ, 3-ZY 295, 3-FY 498, 3-YXY 2115, 3-DY 4923, respectively. N120 and N180 are the nitrogen application rates of 120 and 180 kg/hm’,

respectively.
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Fig. 2 Dry matter accumulation of rice varieties across the growth stages under different nitrogen application rates
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Note: Red icons are low-N-efficient cultivars, and black icons are high-N-efficient cultivars, and gray icons are the left cultivars. The red
horizontal line is the average value of each treatment. DMA—Dry matter accumulation; PGR—Population growth rate. TS—Transplanting stage;
JS—Jointing stage; HS—Heading stage; MS—Maturing stage. N0, N120, and N180 indicate N application rates of 0, 120 and 180 kg/hm?,

respectively.
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Fig. 3 Dry matter weights of stem-sheath, leaf and panicle of various rice varieties at the heading and maturing stages

under different nitrogen application rates
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Note: Red icons are low-N-efficient cultivars, and black icons are high-N-efficient cultivars, and gray icons are the left varieties. The red

horizontal line is the average value of each treatment. HS—Heading stage; MS—Maturing stage. NO, N120, and N180 indicate N application

rates of 0, 120 and 180 kg/hm?, respectively.
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Fig. 4 Dry matter translocation before the heading stage and accumulation after the heading stage
of rice varieties under different nitrogen rates
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Note: Red icons are low-N-efficient cultivars, and black icons are high-N-efficient cultivars, and gray icons are the left varieties. The red horizontal

line is the average value of each treatment. NO, N120 and N180 indicate nitrogen application rates of 0, 120 and 180 kg/hm?, respectively.
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Table 5 Correlation analysis between variety, N application, yield, yield components and dry matter production

at different ecological sites

BEAL: K2 Population growth rate (PGR)

ii Bk PAT—hhA g — g CDMTR CDMAH
TS-IS JS-HS HS-MS
KE Dayi
PR Yield 0.700™ 0.111 0.555™ —0.366" 0.365"
F AL Effective panicle 0.414* -0.058 0.400" -0.287 0.305
FFFEEIEEL Spikelets per ear 0.334 -0.126 0.270 -0.210 0.173
4553 Seed-setting rate -0.132 -0.339 0.060 —0.184 0.146
T 1000-grain weight 0.034 0.277 —0.117 0.108 —0.090
JKHE Yongsheng
FE Yield 0.447" 0.596™ 0.659*" -0.329 0.303
F AL Effective panicle 0.387* 0.094 0.531* -0.352 0.383
FFFEBIEEL Spikelets per ear 0.101 0.680™ 0.366" —0.012 —0.048
25523 Seed-setting rate —0.653* -0.206 -0.691* 0.410° -0.362"
T-KiE 1000-grain weight 0.066 —0.186 —0.195 —0.037 0.014

TE: CDMTR—EER] T B AL AP A ST s COMAH—FEJ5 T B R X FPRLAY BT . *—P<0.05; **—P<0.01,
Note: TS—Transplanting stage; JS—Jointing stage; HS—Heading stage; MS—Maturing stage; CDMTR—Contribution of dry matter transformation
before heading for grain, CDMAH—Contribution of dry matter accumulation after heading for grain. *—P<0.05; **—pP<0.01.
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