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Abstract

Regulating rice filling process and yield formation process through plant growth regulator treat-
ment can provide a theoretical basis for further elucidating rice filling characteristics, rationally
regulating the filling process, giving full play to high yield potential and stress resistance physio-
logical research. In this study, indica hybrid rice was used as the test material, and the Richards
equation was used to compare the effects of trehalose, fulvic acid, and sodium nitrophenolate
treatments on the grain filling characteristics and yield of rice panicles. The results showed that: 1)
Under the treatment of plant growth regulators, the initial grain-filling potential (Ro), maximum
grain-filling rate (GRmax), mean grain-filling rate (GRmean), the final grain weight (A) in each part
were significantly increased, and active grain-filling period (D) and effective grain-filling period
(teg) were obviously prolonged. 2) Plant growth regulators have no significant effect on the num-
ber of ears per plant, thousand-grain weight, and seed setting rate, but they significantly increase
the number of grains per panicle, which in turn leads to a significant increase in the amount of
spikelets per plant and the storage capacity (P < 0.05), thereby increasing the grain weight and
yield. 3) Exogenous spraying of sodium nitrophenolate has the most significant effect on yield in-
crease, followed by fulvic acid and trehalose again.
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1. 518

IKFERRLHE S S R R ARAR R AT R IS R A, RGBT it /K IR 2R 1] [2] #HETT
2[3] [A155 52 KRG AT WLVEE i A o R AR 9 70 RT3 I 1R 5 /KRG I ot & THREATRE AR T W B 1 % iz
&, BB RMUKRE A R T KS]. BEFURM], ANE IR TR mAE MR TR S, S
WA T HUE6] [7]. HWIERREEA BUCHAEMAE KK, JRTHEYIXS 238 % 7SR 7 R R,
Rl AE — @ FEE B EIMRI Cd [8],  if HL AT LA 25 A 2 D 1 5 A e B A Pk ey P T AR B
HIFEAR[9]. EAHEYN ARy — R 1 2RI RETT), AT PRIEIR A AARNL, (el B, It A4
KIS, S dhih i, femr i, SR EMIGUREEJI[10]. KRS fhAE S i 52 0 A =7 1 15 700 n] 2 25 2
5 0 F5ORL A MU it SRR % ot S, R AR — e A QU S B RS [N ) R 345 1) 1 6 28 $R e [ 115 i
WS it — R AR PR A0 A 1 75 T i e KR P ) By S P KR 7 B [1.2] 5 AN [R] R A R 9 75100
IKAERACH A SR BA AR A2 ROR [13] X R E /KRR ot & Dhe s T B AR R A
PR S BT B A YA 42 T LASE S AN 9 57 R S B

H i) 2% M Richards 77#£[14] [15] [16]XF5&. 5%k S kPR [T R S SIS, A2E
R RERRAE > b NERE IR B, 6 B BEATAT R B AN A A, DAL EEEOAS RIS T
TP AR R AT R SRR E[17] . 2204l Logistic L7 LUBORIAE A S0RE . AR SKERG . H HURERE AN
RS HIREHE AR IR SRR SR AR AL (18] R L, HIKE A S RE AT RL 2 A B AR T R A1, A R SR I
B, Yang S8R ] Richards B80T BLAL AR F/RREFF RIS RRAEEAT 20 M [16] . 8T, MBI A
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KA 7 a3 i VR I R AR AN Rl B LR PRLRE S, HEITT R KRS ™ B AR B R b (R, AT 5T
X EEAN TR A AR T AL B K R = TR R 22 5, IFidlId Richards J5 R L&, IR 70T 15 7700 75
FEA AL AT RS AR RSN, DUUORTRN 1R RESR AR B S B PRE R . i3t — D KA
HE R PR R AR, KRBT R . KA N R AR AT TR A .

2. MRER=E
2.1, RIEM S 54t AR

BT 2021 £F 3 H~8 JIAENY )14 B 1 B R 2 B LI AR AT o R IR ER AL BT pH 5.98, &
HHLF 60.61 gkg ™, 4% 0.25%, BifF% 88.01 mgkgl, 45 %HE 35.61 mgkgl, HXAH 99.16 mg-kg .
S FIHIR = AR AR S0 900 ANGFR 1 5 iRMo bR, SR 162 FCHRAE BB, KA BB
SR, W3R 2 R, Bk Bs 2324 d, ML 3.1~3.5. AR, kA 24 x 22 x 23 em (K x 5
X ), REGAARRI, RN 2~3 B K. B S R AR R . I TN L L
2021 AR FKAM LA 1.

Table 1. Development stage and growth period of the tested varieties

# 1 simMEEEEHRUREENERRY
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A Sowi lani i ; Duration from Growth beriod
Variety ovx;:/rég Transphz}tgtmg Heah; gg MatLrJ];:jty heading to rowtd perio
(month/day) (month/day) (month/day) (month/day) maturity (d) (d)
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Figure 1. Precipitation and air temperature during rice growing season in 2021
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ARG R IBEHLX A BE . 7 AIT4R, BRUWEKEK B, 2 10%/KFES]HHE AL 10 cm
FeAT s BT 1~2 om i, SERIIFREAMIEAEA) A A A T R A B . ARSI KA 9 TR (CK), J-50 B HE
FEIR . RAEE T, It 4 DNACE, BURIKZ Y 40 mg/L, 25 ml/tk. AP REALEEA 20
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it 160 75
23. MEMBSA®

1) PR S AT R ASHEAAR 6 PRIE & JUEEL . AR, SEuR e TR E, JRE SRR
RFAEE bk PR B &

2) FARHMES F A 100 /KRGS R AL 10 om 245, BRAR T 1~2 om I, i K /NFEA S B s
PE(EFE 32 25N 7 SRR, BRI H O < 2 om)d:RbRic, &FMCEE 100 2248, 700 TR 3. 8.
13, 18, 23. 33 d HUHEMUR R, IR 6 MEMUIRZ, BENL N 6 N, dZ b L REMIERE, RIS
kL, »mas. BAUFRIET 120°C 47 30 min, 80°CHtEfER, WlE RABBMRTYHRE, I
T RS BUOFPRL E (mg-grain ™) .

2.4, WM ES G

Bl A B8R Excel 2016, #1I[E%H OriginPro 2021, FA LSD vEi#E4T /724347 . ilid Richards 77
T} A A S Rk AT 400 5 [19] [20]:

W= A/ (1+Be™ )" 1)

RO F, WIRRLE, tAEERE(d), AR &R (mg-grain ), B. K. N 4 Richards
TS THE, HHE R R FR L AHETE

#HfE Richards 75 F2 S HRIAE K3 (Ry) B KIESIH R (GRyae Mg-grain --d ™). “FHME 2 3# F (GRuean,
mg-grain “d ). ik F 55 K HE S E AN A (T s, ) EERES HI(D, d) 7 R0HES W (teo, d) SRR S5

XF(L)SR—P PR RER R G K t AR T R

G =(KW/N)[1-(W/A)" ] @

MR HEZETTIE(AR 2)BA 2 MBA, RN =S8, A NE, TEMMG AT AR LR
Bt by 46 F teg, TR FERI S ARTHIO0~t) FIAt~t). 5 H(t~tw) 3t 3 NYEL, IRk
B B ) RE S R 52 8] o 7 280E 2 3 (o) O EL 2R (RGD, %) I BT R (RGC, %)

3. BZRE 4R
3.1 FEREMREER

B2 2 A%, Sk il P e i B A R R AE A R AR KR S R B AP B 2 5. 5 CK AR,
X 900 AVE fIt 1 S 7E S A0 HE T 177 5 0 7l 8 CK 3K 9.84%~43.70%F/1 9.68%~46.52%, AbFH [H] 7 1A
BEKF(P <0.05) MWF=EA BRI RN, YDA KT FI AL 95 i A kA, FhiE., 4550% R
Wi 35 Ak i 25 7K, 1B S AR RORE B0 CK 19K 7.06%~34.71% (X111 900) Al 11.96%~39.70% (&1L 1 %),
HEI 5 BCR AR R 2 B B 5 = (P < 0.05), JERRIA R~ Rt . Sk b, ANyt it b 38
PR KARE N E: RUOVEIER, WHERZRAEZE, IO, HISEAR 2 E T HE
PP AL EE o

3.2. BEAITRIERBSER

IKFEMAEAAEANER Rt AT, HABREA R AR ALFFRLRE SRR AN, EMESRRIL IR R 1. 599
FPRLo BRI, A7 o OGS AN R A A YR 5 50X 2% S AR JRE 1) Y4 22 5 ik — SP R 7
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FEAGIGH , Z Uit PSR ORI B S 35 A — 30, ARF A iRy “S” hZk( 2-4).
it Richards 75 FEfL A FPRIE EAN A, % IS HSHEA7E 0.991 UL E(F 3), a4 RESLLPr, W
Xt by PSR B SR PR E SRS AL AR 3t — 2B 0 W

Table 2. Grain yield and its components of the tested variety

F2 FEREMBEZR

, " o R - £V <y R -
o g BHEREC TR Ry g FRTUEE CREE g
Panicles  1000-grain  Spikelets Seed-setting numpber capacity Yield

Variety  Treatment o blant  Weight (g) per panicle  rate (%) (103 plant®) (g-plant ) PerPlant ()

CK 8.3a 26.9b 1280.8b 86.4a 10.67¢c 287.0b 247.9¢
T 8.5a 27.4ab 1371.2b 85.4a 11.66b 319.0b 272.3b
X4 900
G R 8.3a 26.6ab 1787.4a 85.3a 14.89a 395.6a 337.3a
B=R [ Re] 8.5a 28.4a 1725.3a 85.5a 14.66a 416.5a 356.3a
CK 10.4a 25.7a 1025.3c 90.0a 10.66¢ 273.6b 246.3b
R 10.3a 25.2a 1147.9b 90.3a 11.86b 299.3b 270.2b
15
IR 10.4a 26.2a 1385.6a 91.3a 14.41a 377.1a 344.5a
Rl 10.5a 25.8a 1432.4a 92.8a 15.04a 388.7a 360.9a

[l —FUAN NG FRERORAE 5%K T EZEFRR .

Table 3. Richards fitting parameters of plant growth regulators on grain filling dynamics in different parts

= 3. EWE AT IR A E BT RLE R B7SHY Richards &S5

. 1
SRR AT b3 Xt 900 s 1%
Grain parts ~ Treatment A B K N R2 A B K N R2
CK 230 16869 0.4 26 099 2136 586733 0.6 3.8 0997
I TN 232 3853 0.3 2.1 0.996 2294 373.2 0.4 2.1 0.997
H
Upper R 258 5857 0.3 22 0991 2369 1965 0.3 18  0.997

=R 272 298.6 0.3 2.1 0.994 2450 674 0.3 15 0.995

CK 226 1061 0.2 1.7 0992 2140 682 0.2 1.3 0.995
13 TN 220 39%4.2 0.3 2.1 0.996 2325 605 0.2 15 0.994
Middle B 246 448 02 13 0991 2376 763 02 15 0995

X[ 251 2595 0.3 2.1 0993 2525 117 0.2 0.9 0.994

CK 21.0 40509 0.3 30 0994 2290 1235 0.2 16  0.997
T WG 229 14537 0.3 2.8 0.998 2299 98469 0.4 3.3 0.997
Lower R 260 760 0.2 14 0993 2461 967829 05 40 0998

EREIE 249 4784 0.3 2.1 0.994 2485 591325 0.4 3.9 0.996
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Figure 2. Dynamics of plant growth regulator regulating upper grain weight increase
and Richards simulation curve
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Figure 3. Dynamics of plant growth regulator regulating middle grain weight in-

crease and Richards simulation curve
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Figure 4. Dynamics of plant growth regulator regulating lower grain weight increase
and Richards simulation curve
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f7e 3 M 2~4 TLAEH, SlMAREL L, . IR R LR EAVHEF N L > i > T
s S ACERA LU ORI, SR I R R B R A 3L 1) e AR B 35 = T CK (P < 0.05), ViSRRI =R
FHXTEUN e BB TR, WALEER XA 900 AE AL 1 5 EFBFRLZ 78 CK 4K 12.31%~18.55%71
10.95%~14.70%, H#FFki 43 5 18K 8.60%~10.77%A1 11.05%~18.01%, R &#BAFRL4> B K: 18.68%~23.94%
Al 7.46%~8.49%. HHILAI I, S S ALBRIRT EFROFFRDRL B A R B ST RO, (A R A A B
P AL EE 6T X 900 R RLIE IR B g B L, KR AL 1 45 H SRR K U BE LA

3.3. B LITRLERIFESH

FEIHTIRH Ro WL T FFRLT 55 AR T3, BB R U R LA M 43 24 ARG . 0 2440 FFRIRESR )5 3
B, i 4 LG, SISO RL Ro 34 (R EE R, R 2 SR AN 3 SR IR A FE T
Ro % CK M4 5t K Alik 38.24%. [FJRF, A7 HL I K TEE T 2 (G R ) F1 T 1V O 2 (GRmean) I RN E
BN > FEIR > HERE > CK.

T RRE S (D) RV ZORE R I (199) RAEME K FF R B, — R bR T KREHER R BE )1, Bk
4 TTHEL, PRI R R R SR B R R AE KA AL R S, ) R IRIE K S, Ak
B IR RLE R FES R BOBIRR I T > il > BEE, S > EEER > .

FPRLIEE S 125 31 e K TER A R RTINS [R) (T e o) BR 57, BER S i B SLIA B o W HE RO 5, (R AL AR 2R
Zebei, WA KT T Toace AR, LN BB HRL A B T 200 SR 1 kT r 3R R 3

Table 4. Grain-filling parameters under the treatment of plant growth regulators

3 4. EPE KRR RDER S IES B

FPRIERAL  AbPE M It 900 i1

Grain parts  Treatment

Ro Tmax»G Gmax C':‘Rmeam D t99 Ro TmaxG Gma>< GRmean D t99

CK 0.148 17.18 149 095 2413 2933 0.168 1506 151 0.98 1818 2221

o WEEEME 0155 1633 141 091 2536 3066 0.165 14.61 188 1.08 21.89 27.60
UpPer  ywmsm: 0475 1553 158 102 2524 30.16 0192 1341 166 111 2199 26.55
Sma 0176 1414 161 112 2691 3261 0216 1223 1.69 117 2341 26.87

CK 0130 1937 101 066 3009 3582 0147 1591 119 079 27.16 3454

s WEEEME 0129 1007 113 073 3246 3515 0161 1690 111 073 31.84 37.85

Middle WIER 0159 1768 114 0.76 30.24 4048 0.183 1590 126 0.83 28.73 34.58

SHEEYEY 0130 17.04 128 0.83 34.06 40.76 0.203 1443 137 085 32.17 40.08

CK 0097 2181 098 069 3035 3569 0.10 20.8 106 069 2587 3157
g FEMEEE 0104 2394 100 062 3246 38.99 0110 2200 125 079 2685 3210
Lower  semrws 0127 2176 105 069 3663 4149 0116 2172 153 095 2922 34.74

HhM4N 0130 21.09 119 0.80 37.67 46.94 0.137 21.74 158 093 33.05 4142

Ro NHERRIESY, Tmaws NIEFIERKHER H RIS F], GRuma NI KHERIHZK, GRupean N T-HIHEWE R, D AIEILE
I, tog NE RRESRIT ]
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IKFERER HVESR FR S S RE R R P . — R 5, SRR IR, sy, BEARYEE)S 20d N
SERNER[21], MBI 2SR 99 Ak HESE I 7 38.2~45.3 d [22] [23], . J9¥kEREREE, XE5AWR
SERIEAR . FN, SHEYAEKRERILCIEE, BRSO R AR E A B, HERRR
H Rov B KHE S E ZE (GR o) MI-F S E I T8 2 (GRmean) BRI A, T ERHE I (D) MG RGHE I 1] (too) W] S22
K, XERAE, TR AL B KRR R R, R IRSE & AR SR R, iR
{68 5L F P B 280 B W SRR

AL A A AR 1 AN RIS R RLE 2R (R 3% RS A AP AE W 22 57 . R 3R R a Bl e B,
FEIR G, A P S R I [R5 B R K E IR T 8 (T o) MR ZRLEL, T BAFRLIUAE S . SR AR T 5 7
ACEE, TR EOFPRLEE S R RS R A R BRI IR R B T L, HS B LA, R AR B T R
MERFHBOR B B T H e A, A — e bR, (HE /N TR

TR, AWy KPR SR SEI s = = aTiR[17], Bom ) B 7= DL K I HE SR 45 5 R
R KR 7 B ELRRAE [24] o AR B AR B, WA ) AR A R S IR KRR PR AR R TRIE ., &5k
RGN RZE, (AEZERS T HHRE, HiSBeRI 2N ER = RERP < 0.05), 45
MR M HESR RE, R DB R B =, X E i N7 25 R U[18] [25]. &= E3im sl i b ds,
YA AL B P B KO O W RO BRIR, Wi R ERARE . HUCONIEERE, HY
M 25 S Sl 2 K T e A A 2

5. &

AR A AR R 70 T A58 2 P e A B AT RLHE SR AR I (Ro) « e KHEI IR (CRina) T HIHEHIE  (GRineen)
L 2RI EL (A), W1 SE AT BRE S U (D) NI RGHE S 3 (too) s AL AEAC TR 3 000 /KR SRR AR, TR
LRGN AR, (HRERTE T AR, 2T BRI R A A R R P, BRI R
AR ANEE R I AN AL B IR RO R, HUONTRIER, BN .
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