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1.1 R IEHEER

58T 2019 F12020 4F FRAEAF A = ZE R AL
AN T IR BB M AR R R AT . ik
KR H 3R AR AG M 5T 9 pH 7.1 2 1.8 g/kg.
MU 12.11 mg/kg A 122.6 mg/kg. ALK
25.21 g/kg.

1.2 Rt

KRR BT, DB Oy EIX, R
B ENX . B R A AL 6326 (LY 6326, i
TP RAACKFED 5 i Bl B 22 B BT RO RY
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FEFRRE ) B ARET, B 3 PP, R dEfE
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ZFAE (NBF) M2 ZFAE (BF) it FH F AR &
FHZERENE (SRF) o fFMAREE 3 IRER, 327 A~
X, ®A/NXTEF 50 m?,

SLERT 3 H 21 H (2019 4E) Ff13 H 22 H
(2020 4E) #&FP, 4 H29 H (2019 4) A5 A3
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30.0 cm, WAFEHK. kZFRHAN TR, BHHE
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ZEIRERIN (8] 439008 2019 4 8 H 13 HAI 2020 4F 11
H 17 H, HAZFEWEREE 7528 2019 4F 11 H 8
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50 kg/hm? (P) , DAREBERRES (P & 5.2%) JEa
PEFHEE — RPN 5 B A &4 100 kg/hm? (KD,
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MLl N o T AR 2R 2F A Sk 2R RS 15 d s
FH, &N 75 kg/hm? (N, It 40 kg/hm? (KD
PEMIEAE L ZU RS 1 d A, i &N 75 kg/hm?
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H kK Z BT T 2 13K 80k -25 kPa B, #EK
2~3 cm, HHARE TR LIEKAIKL-25 kPa B,
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R, SRR KR RO AFRL oy R 21
KA KL, FEUh5 3 FF R . BB AR R T
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Ab TR )~V 3546 SRR I BRI T 3.8% A1 7.6%, H.
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Table 1  Yield and its components of the first-season rice under different water and fertilizer treatments
g THREGURRUBE R AMES  TRE 490k SEWERE BN
Year Irrigation Fertilizer Yield Effective panicle IOQO-graln Seed-setting Splkel?ts Spikelet number
pattern treatment (t/hm?) number (/m?) weight (g) rate (%) per panicle (x10%/m?)
2019 CI NBF 8.01ab 259.7a 27.7abe 85.5ab 124.7a 32.3a
BF 7.77ab 250.0a 26.7¢c 84.3b 131.1a 32.8ab
SRF 8.48ab 245.8a 28.4ab 83.8b 131.7a 32.1ab
P 8.09A 251.8A 27.6A 84.5B 129.2A 32.4A
WMD NBF 7.52ab 241.0a 27.7bc 88.4a 116.1a 28.0ab
BF 7.29b 256.9a 27.5bc 87.4ab 112.2a 28.8ab
SRF 8.67a 268.8a 28.8a 87.1ab 114.5a 30.6a
P 7.83A 255.6A 28.0A 87.6A 114.3B 29.1A
WSD NBF 7.88ab 245.8a 27.7abe 85.6ab 119.0a 29.1b
BF 7.41ab 243.8a 28.1abc 89.2a 116.0a 28.3ab
SRF 8.25ab 258.3a 28.0abc 87.3ab 128.3a 33.4ab
T 7.85A 249.3A 27.9A 87.4A 121.1AB 30.3A
2020 CI NBF 7.82a 249.2a 25.9ab 86.5a 123.3a 30.7a
BF 7.74a 258.3a 25.3b 82.7a 130.7a 33.8a
SRF 7.95a 266.7a 26.2ab 82.1a 123.9a 33.3a
P 7.84A 258.1A 25.8A 83.8A 126.0A 32.6A
WMD NBF 7.83a 249.2a 26.0ab 86.5a 141.7a 35.1a
BF 7.85a 250.8a 25.8ab 84.9a 130.1a 32.6a
SRF 7.58a 245.0a 26.9a 87.4a 130.8a 31.9a
T 7.76A 248.3AB 26.2A 86.2A 134.2A 33.2A
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%:3% 1 Table 1 (continued)
g HREGU REUEE R AMEE TRE  4%% O BEEEN UK
Year Irrigation Fertilizer Yield Effective panicle IOQO-graln Seed-setting Splkel@ts Spikelet number
pattern treatment (t/hm?) number (/m?) weight (g) rate (%) per panicle (x10%/m?)
WSD NBF 791a 235.0a 25.8ab 86.4a 135.4a 31.9a
BF 7.49a 230.0a 26.3ab 88.9a 125.4a 28.8a
SRF 7.28a 250.8a 26.2ab 83.6a 122.2a 30.7a
) 7.56A 238.6B 26.1A 86.3A 127.6A 30.5A
5 £ (YD ns ns * ns ns ns
ANOVA MR (D ns ns ns * ns ns
kb (F) * ns ok ns ns ns
YXI ns ns ns ns ns ns
YXF *k ns ns ns ns ns
IxF ns ns * ns ns ns
YxIxF ns ns ns ns ns ns

ANFE/NG FRERIR R — A FVEBAE R A RHEAEAL R E) FIELE P < 0.05 KF EZEFRRE . K5 FEAURE—FAREBREREE 3 A

TEACALF T EAE P <0.05 KV EEREE (RAREMZRDE, LSDIE) .

#10.005 KF LEREE, ns RRERAEE. .
Different lowercase letters indicate difference significance among different nitrogen fertilizer applications and different irrigation pattern in the same
year at P < 0.05 probability level. Different uppercase letters indicate difference significance among three irrigation pattern in the same year at P <

0.05 probability level. “*” |

@
N

G ) Hrx? LoRTTESIHTHTE P<0.05. 0.01

“uk? and “k*k” represent significant difference at the P < 0.05, 0.01 and 0.005 probability levels, ns represents no

significant difference. The same below.

WMD 5 CI 4b# 2 6] 2 7 5%,

Ji 2T (R 2) RN FA 2= E Y
R A B s, FEMRI O R AR
Qb FE T 7= R A AR W3 R, A R A
EAE B2 R TR L 4 S SR LA T AR A A
, FA AER A BAR B E e . T A
NP AR YN 3.46~5.10 (2019 5D F
2.67~4.31 t/hm? (2020 £) , FHF=&E5r 5N 4.16
F13.74 thm?. 5 NBF 4b#AHLE, 2019 4E BF 4b#
N 3 FEEMEAL T AR S A SR AT

18 AT RHEINT 28.9%. 18.9%. 26.2%A!
18.2%, 2020 “E4r 38N 1 37.9% 17.5%+ 19.5%
A1 17.4%. SRF AbBEXT P A 2= 7= 8 1 s i A7 AE 4
Prla) 225, 5 NBF AHEE, 2019 4 SRF 4bFE R 3 Fh
REWR B C AR . A RS e A
NEARFEZESR, 2020 F543 R FIEMN T 28%-

18.3%- 21.5%#M 13.5%. 5 CI #H Lk, WMD A1 WSD
AbFREF 3 Fof HE AR A B 1P 350 7 B 40 ) R B 7. 1%
6.3% (2019 %) | 4.6%F13.6% (2020 £) , {H=
FHZEFRARE . 3 PR 3 FhAEk b2

®2 ARUKEBLAETEBEZF~ERHMKET

Table 2 Yield and its components of the ratoon season under different water and fertilizer treatments

g EBGU REUGE R MM PRE MR BRBUEN BUEN RIS
Year Irrigation  Fertilizer Yield Effective panicle IOQO—graln Seed-setting Splkele;ts Spikelet number Ratqopmg
pattern treatment  (t/hm?) number (/m?) weight (g) rate (%) per panicle (x103/m?) ability
2019 CI NBF 391c 326.7¢c 24.7ab 75.5abc 63.3b 20.7bc 1.26¢
BF 5.10a 415.0a 23.9b 77.9a 67.2ab 27.9a 1.66a
SRF 4.05bc 342.5bc 24.9a 74.6abc 64.6a 22.2bc 1.40abc
T 4.35A 361.4A 24.5A 76.0A 65.0A 23.6A 1.44A
WMD NBF 3.46¢ 318.3¢ 24.3ab 74.9abc 62.6b 19.9¢ 1.33¢
BF 4.75ab 387.5ab 23.9b 73.2abc 64.3b 24.9ab 1.51abc
SRF 3.93c 372.5abc 24.3ab 71.2bc 61.8b 23.0bc 1.39abc
Fy 4.05A 359.4A 24.2A 73.1A 62.9A 22.6A 1.41A
WSD NBF 4.03bc 364.2abc 24.2ab 70.5bc 64.9b 23.7abc 1.48abc
BF 4.85a 397.5ab 23.8b 77.5ab 70.7a 28.1a 1.63ab
SRF 3.36¢ 351.7bc 24.0ab 70.0c 65.9ab 23.1bc 1.37bc
g2 4.08A 371.1A 24.0A 72.7A 67.2A 25.0A 1.50A
2020 CI NBF 3.44bcd 465.0bcd 23.1ab 58.3b 75.9a 35.1bc 1.86a
BF 4.13ab 521.7ab 23.5a 61.3ab 78.5a 41.1abc 2.05a
SRF 3.96ab 556.7a 23.2ab 58.7ab 82.1a 45.6a 2.10a
T 3.85A 514.4A 23.3A 59.4A 78.9A 40.6A 2.00A
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gy EREGU ERGE MR M TRE AR GEREN  BUER Bk
Year Irrigation  Fertilizer Yield Effective panicle IOQO-graln Seed-setting Splkel#ts Spikelet number Rato.o.mng
pattern treatment  (t/hm?) number (/m?) weight (g) rate (%) per panicle (x10%/m?) ability
WMD NBF 2.67d 434.2cd 23.1ab 59.6ab 81.3a 35.2bc 1.74a
BF 4.31a 541.7ab 23.4ab 60.0ab 77.6a 42.1ab 2.16a
SRF 4.03ab 490.8abcd 23.1ab 59.1ab 81.9a 40.1ab 2.0la
T 3.67A 488.9A 23.2A 59.6A 80.3A 39.1A 1.97A
WSD NBF 3.09¢cd 420.8d 22.9b 60.8ab 81.6a 34.3¢ 1.81a
BF 4.22a 488.3abed 23.1ab 63.1a 85.8a 41.8ab 2.14a
SRF 3.77abc 513.3abc 23.2ab 59.9ab 80.8a 41.4ab 2.05a
g2 3.70A 474.2A 23.1A 61.3A 82.7A 39.1A 2.00A
ANOVA MR (D ns ns ns ns * ns ns
HE*}JL%IE (F) seksk seksk ns kok ns skeksk seskok
YxI ns ns * * ns HHE ns
YXF HokE ns ns ns ns ns ns
IxF ns ns ns ns ns ns ns
YXIxF ns ns ns ns ns ns ns
FRIAE TR BE A . 10 emo SKZFERYOGR G A IR RE MK, 2=k
22 RREKERAHERI T A FE A A M A0 BT $F 10 d W& ALFEY 12 5 83, HK%7E 30 em

{8 2 FIAME 3 WALRAEZF R 2, ALFFE Blbo fERIERHMEBET, AS[RVEBAR 2] 4 28
R 20 d 2T FAERERRE A D, ZEIF ERKES . IERAEEEZ L 1 kIR
M MKAERK, BRFERBMFRKREZALE 104K, AREBEAXTHEI L BF>SRF>

— NBF — BF — SRF
I WMD WSD
50
2T a0t [ 1204 1204 Ti204
Rgo L
5gg 3.80
B L .
& 55 20 I
258 T 3.80 3.801
2310 015 0.15 = 0.15 =
0 ! ! |
. SOf
2
= E 40[ 110.05 T10.05 Tro.0s
kg8 30 7.04]
=22 o0
@z 7.04 7.04]
T 2E 100 029= 029 = 029 =
2, | | |

HD-20 HD-30 (MD) MD-10 HD-20 HD-30 (MD) MD-10

It 4] Period
HD-20. HD-30 (MD) . MD-10 2 AIR&LZTFHYE 20 d. SkFFHRUG 30d CRFRPID « SkFUWERE 10 d. BERBEME T RR A
AR [F— ) 3 AN TR B P 22 R BEEVERIE (P<0.05) .
HD-20, HD-30 (MD), and MD-10 represent 20 days after heading of first-season rice, 30 days after heading of first-season rice (mature stage of
first-season rice) and 10 days after harvest of first-season rice. Vertical line with figure indicates the difference significance among different nitrogen

fertilizer applications at the same stage under the same water treatment at 0.05 probability level according to the least significant difference test at
P <0.05 probability level.

HD-20 HD-30 (MD) MD-10

1 AEIKAEAIE TEAEFFRINE KIS
Fig.1 Dynamic changes of axillary bud length under different water and fertilizer treatments
NBF. ORTILRE AL B IR T 2 S HAR Y o e 28 R fie it 1 21
JIZEGHT (R 3) KW, AFEVEMAANLKE 27, @3 WHAEFKMK. 5 NBF AL,
WORfE 10 d FAEZFK R FHONZF FEY TR EY  BF AT 3 A @ 2 4. 613 5i-rs
i, i AR AL RN G 2 RO 3 MR bR, HEBE RO T 30.4%40 35.5%, SRF 4T 735
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BINT 11.7%F1 15.7%. 5 NBF #tt, BF &3 T 3
o WSS 2P T 3 B T AR 2R A R 2B 1, {3 2
8] 3 TS S EO G 0 T 33.3%41 33.8%, SRF
A PR FEE 2 WEFERIEFECEIINEM T 11.1%. 5

NBF 4-HAH L, BF ACFRE E G0 T 3 Pl A =
(I 2ET 8, (82 5. 8 3 528 540 B
136.6%F1 142.7%, SRF ALFH T M5 51 B 1 65% A1
44.7% . WSD AbF R 8] 3 5 A 2F i B T AR

3 PEIKIBAIEXLFWIRG 10 d BEFIE KN
Table 3 Effects of different water and fertilizer treatments on the
growth of axillary buds at 10 days after harvest of the first-season

FEW R, AE} b T %K Bud length (cm) % 24 Bud number (/m?) £ Bud dry weight (g/m?)
Irrigation pattern Fertilizer treatment D2 D3 D2 D3 D2 D3
CI NBF 38.5a 34.1b 195.5¢ 172.2bc 59.7bcd 34.6d
BF 45.3a 46.2a 266.1a 236.0ab 109.7ab 92.8abc
SRF 38.2a 36.0b 224.9abc 175.9bc 77.7abed 42.0d
T 40.7A 38.8A 228.81A 194.7A 82.4A 56.4B
WMD NBF 24.5b 34.2b 199.0c 187.1bc 32.7d 44.6d
BF 42.3a 47.1a 247.7abc 232.9ab I11.1a 113.1a
SRF 36.8a 40.1ab 205.6bc 167.8¢c 60.8abcd 61.7bcd
g2 34.5A 40.5A 217.4A 195.9A 68.2A 73.1AB
WSD NBF 34.9a 35.0b 188.7¢ 199.6bc 46.2cd 56.3cd
BF 39.9a 46.5a 263.8ab 279.0a 107.1ab 123.3a
SRF 34.1b 43.4ab 217.4abc 192.8bc 82.7abc 98.2ab
T3 36.3A 41.6A 223.3A 223.8A 78.7A 92.6A
TTESYHT ANOVA  HEERL (D ns ns ns ns ns ns

ok *%k

AERLEEE (F)

IxF ns ns

ok *%k *%k ok

ns ns ns ns

D2 il D3 43 18] 2 FIfE] 3 4
D2 and D3 are the second and third node from the top, respectively.
THEHEZEST CLAH, HinT 64.2% (£3) .
23 ARIKBLENLFEMBESTTYRMEAER
RN
TEM (4 R, ARFEBBEA. FET

A AN AR Ab BE B AR Sk 2R T 8. AR R
EITEEFHEENETYRARAEZY LR E Y
Wi, 5 NBF AL, BF 1 SRF 4bFH K 3 i i it 4
FAFENE T 7 5 P30 T 15.1%H0 15.2%, 7

x4 FEKBLETHEFW ERFYRENARARE

Table 4 Dry matter and nitrogen accumulation in the

ratoon season under different water and fertilizer treatments

NF W WARNE g oo, BAF  WEF WEFNE WEFNLEN
I N TR M EMTE TURBEE o PRI gy mEeR AZVRE AZNRE
Rl v [ S S HRIE AEMEA
A . Stubble dry  Total dry Dry matter Ratoon Ratoon N uptake Total N uptake
Irrigation Fertilizer . . . Stubble N Stubble .
weightof  weightof  accumulation . bud N bud N during of ratoon
pattern treatment . concentration N .
first-season ratoon season during ratoon %) (kg/hm?) concentration content ratoon season season
(t/hm?) (thm?)  season (t/hm?) ’ & (%) (kg/hm?)  (kg/hm?) (kg/hm?)
CI NBF 3.26b 13.25¢d 9.99¢ 0.85bed 27.5¢ 2.13abc 20.2d 68.7a 96.3b
BF 3.92ab 14.39bc 10.47b 1.08ab 42.2ab 1.55¢ 31.0abc  73.9a 116.1a
SRF 4.22ab 16.38a 12.17a 0.98abcd  40.2b 2.15abc 24.1bcd  71.6a 111.8a
T 3.80A 14.67A 10.88A 0.97A 36.6A 1.94A 25.1A T1.4A 108.0A
WMD NBF 3.62ab 12.99d 9.37¢c 0.83cd 29.6¢ 2.68a 20.1d 63.7a 93.3b
BF 4.42a 15.13b 10.71b 1.06ab 46.1a 1.80bc 39.5ab 68.6a 114.7a
SRF 3.99ab 14.54bc 10.55bc 1.09ab 43.3ab 2.39ab 29.2abc  67.0a 110.1a
T 4.01A 14.22A 10.21A 0.99A 39.6A 2.29A 29.6A 66.4A 106.0A
WSD NBF 3.70ab 12.82d 9.12¢ 0.77d 28.5¢ 2.12abc 22.6¢d 66.6a 95.1b
BF 3.84ab 14.90b 11.06b 1.11a 41.7b 1.90abc 41.3a 72.4a 114.0a
SRF 3.98ab 14.96b 10.97b 1.02abc 40.5b 2.13abc 37.8abc  72.2ab 112.7a
g2 3.84A 14.23A 10.38A 0.97A 36.9A 2.05 33.9A 70.4A 107.3A

TN HERE (D
ANOVA FERALE (F)
IxF

ns ns

*k

ns

ns *k

ns ns ns

ns ns

*

ns
*
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A= 2Rl IR A N T 13.7%81 17.5%, 1 3 MR AL 2R R T B35 22 5
T AEZEYETY R RS AN T 13.2%0 24 BEEFEKNEZE5RFZRNREMNXEA
18.3%. PRI (R 5 RY, FK, FEH, IGHFH

Tz (R4 R, AREEBENA. BB 20 5BEREARKE. BHEARSE. LFTUEk
B S EREEE HAEX 4 NMERMH KB LR EY  10d 5EHFEASE. BEFUFERZMRE. Hh 13
Me,  AEUREACER 1 5 IA B 5 & K F . 5 NBF ML, BEMBEREEEFEME. §4. BERTES
BF Al SRF 4bFRRS 3 MMM A RS2 FAKN 3 Mabs. BEEKRE. A5 RE. T
AP T 51.7%8 44.6%, FEHEREE AT PR R EY R IR BAFEYRR R TEME
WINT 33%A1 26.5%, ZFEE S ESHTFHNT AFELTHSNSTEHEARGE. BEELERR
77.8%F1 44.8%, FAZEM EHMARXKHRES N EERFEMEL. HHFENZ, kFWER3K10d
BIHRE T 21.1%H0 17.6%. FAEFEUFRRXZMRE FFEIRES AR 2 7.

x5 BEFEK. BESEHR. TURRRNBESEBEXR

Table 5 The correlations among bud growth, nitrogen and dry matter accumulation and grain yield of the ratoon season

i koo sl mpgy DL EROORT s sppeg IR TR
izt . Grainyield FEfETE . Total dry
Bud Bud Buddry Ratooning Dry matter accumulation .
Index . o of the Stubble dry . weight of the
length number weight  ability . during the ratoon season
ratoon crops ~ weight ratoon crops
FEMEZIPE Stubble N concentration  0.801  0.650  0.794°  0.880™ 0.905™ 0.624 0.675" 0.717"
Tt % & & & Stubble N content 0.777° 0590 0.783" 0913  0.891™ 0.850"" 0.698" 0.801""
ZER K E Bud N concentration -0.904™" -0.744" -0.778" -0.640 -0.700" -0.335 -0.304 -0.342
ZF% 3 & & Bud N content 0.772"  0.759° 0.940™" 0.815™  0.759" 0.591 0.459 0.538
o 2 S A B B

BERIPEARAR 0.742° 0613 0688  0.733" 0.724 0.307 0.686 0.633
N uptake during the ratoon season
HAFEAERR " . " . . .
Total N uptake of the ratoon crops 0.854 0.666" 0.840 0.954 0.934 0.755 0.775 0.834
NS fay 57t
SRR T 0524 0378 0566 0761  0.655° 0.628 0.788"
Stubble dry weight
FHAEENERARTE
Dry matter accumulation during the ~ 0.467 0318 0.453 0.832™ 0.742" 0.628 0.974™
ratoon season
BAEELTE L *
Total dry weight of the ratoon crops 0.523 0.362 0525 0.880 0.779
AR & w
Grain yield of the ratoon crops 0.905 0.641 0809 0.962
T34 /7 Ratooning ability 0.838™ 0.661" 0.835™

@rro s R e SRIRTE P<0.05, P<0.01, P<0.001 KF R REAK,

“xm o «=” and “***” indicate the significant correlation at P < 0.05, P <0.01, P < 0.001 levels, respectively.
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Effects of Different Irrigation Patterns and Fertilizer
Managements on the Growth of Axillary Buds and Yield
Formation of Ratoon Season in Ratoon Rice

Mao Shunxin, Xiao Wuwei, Zhang Zuolin, Huang Jiada,
Wang Fei, Huang Jianliang, Peng Shaobing, Cui Kehui
(National Key Laboratory of Crop Genetic Improvement/Ministry of Agriculture Key Laboratory of Crop
Ecophysiology and Farming System in the Middle Reaches of the Yangtze River/College of Plant
Science and Technology, Huazhong Agricultural University, Wuhan 430070, Hubei, China)

Abstract This study investigated the effects of water and fertilizer management on the growth of ratoon buds
and ratoon crop yield using the rice variety Liangyou 6326. Three irrigation patterns (conventional flooding
irrigation, alternate wetting and moderate soil drying, alternate wetting and severe soil drying) and three fertilizer
treatments (no application of bud-promoting fertilizer, NBF; application of bud-promoting fertilizer, BF; and
application of slow-release fertilizer, SRF) were implemented. The results indicated that different irrigation
patterns had no significant effect on the yields of the first season and the ratoon season. In 2020, BF and SRF
treatments increased the ratoon crop yields by 37.9% and 28.0%, respectively. In 2019, BF treatment increased
the yield by 28.9%, while SRF treatment had no significant effect. The increase in yield was primarily attributed
to the increase in the number of effective panicles. The growth of ratoon buds was predominantly influenced by
fertilizer treatment, with no significant interaction between irrigation patterns and fertilizer treatment. Compared
with the NBF treatment, BF treatment significantly increased the bud length, number of buds, bud dry weight,
and ratooning ability on the uppermost internodes across all three irrigation patterns, with average increase of
32.8%, 33.6%, 139.8%, and 17.4%, respectively. SRF treatment increased these growth parameters by 13.6%,
3.7%, 54.4%, and 13.5%, respectively. Both BF and SRF treatments significantly increased the nitrogen contents
of rice stubble and ratoon season, as well as the dry matter accumulation during the ratoon season. These findings
suggest that the application of bud-promoting fertilizer and slow-release fertilizer can enhance ratoon bud
germination and growth, increase ratooning ability, and ultimately improve ratoon crop yield by increasing
nitrogen accumulation in stubble and the ratoon crop. Therefore, the rational application of either bud-promoting
fertilizer or slow-release fertilizer is essential for maintaining high ratoon crop yield.

Key words Ratoon rice; Yield; Axillary bud; Fertilizer management; Nitrogen accumulation; Slow-release

fertilizer
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