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Abstract: [Objective] To clarify the effects of rice planting methods and fertilization on root morphology, growth and
development, and yield formation, and to provide a theoretical basis for rice cultivation and scientific fertilization. [ Method ]
A two-factor experimental design was employed to investigate the effects of planting method (direct seeding and
transplanting) and fertilization (no fertilization and fertilization) on root distribution, root morphology, root vigor, and
lodging resistance in rice. The hybrid rice Heliangyou 332 (HLY332) and conventional rice Huanghuazhan (HHZ) were
used as experimental materials. [Result] (1) Compared with no fertilization, fertilization significantly increased yield by
15.3% and 15.0% under direct seeding and transplanting conditions for HLY332, and by 18.6% and 22.1% for HHZ,
respectively. No significant yield difference was detected between planting methods for either variety. (2) In direct-seeded
rice, roots were mainly distributed in the 0—5 cm soil layer. The average root biomass proportion in the 0—5 c¢cm layer under
no-fertilizer and fertilizer treatments was 50.1% and 56.8% for HLY332, and 63.5% and 67.0% for HHZ, respectively. In
contrast, transplanted rice concentrated roots in the 5-10 cm layer, with proportions of 42.9% and 41.9% for HLY 332, and
53.2% and 49.1% for HHZ, respectively. Fertilization increased total root biomass by 46.9% and 45.9% under direct
seeding and transplanting for HLY332, and by 64.9% and 56.9% for HHZ, compared to no fertilization. Root bleeding
intensity was significantly enhanced by fertilization, with increases of 113.3% and 110.6% for HLY332, and 46.1% and
60.8% for HHZ under direct seeding and transplanting, respectively. (3) Compared with direct seeding, transplanting
significantly improved bending resistance. Bending resistance was increased by 23.9% and 15.2% in HLY332 under no-
fertilizer and fertilized conditions, and by 12.5% and 17.0% in HHZ, respectively. Fertilization also enhanced bending
resistance, with increases of 25.5% and 16.8% for HLY332 under direct seeding and transplanting, and 23.7% and 28.6%
for HHZ under transplanting, relative to no fertilization. [ Conclusion] The distinct vertical distribution of roots in the soil
profile is a key trait differentiating direct-seeded and transplanted rice. Under the conditions of this study, fertilization
significantly improved root morphology and increased grain yield in both planting methods, with no significant yield
difference between direct seeding and transplanting. Therefore, integrating direct seeding with scientific fertilization
represents a viable approach to meet the growing demand for light and simplified cultivation in rice production.

Key words: planting method; fertilizer application; root system characteristics; yield
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Table 1. Effects of fertilization and planting methods on rice yield and yield components

b At 3 B T e i i
Variety Planting practices Treatment Number of panicles Splkeli:ts per Seed setting 1000-grain weight  Grain yield
(x10*hm?) panicle rate(%) (g) (thm™)
HLY332 Hi% DCK 248.9£102 b 219.1£7.8 a 80.0+1.0 ¢ 22.840.6 b 10.8+0.1 b
Direct-seeding DF 288.9+7.7 a 240.7+17.5a 83.542.4b 23.6+0.4 a 12.4+0.5a
#% 3% Transplanting TCK 190.4+21.6 ¢ 236.6+22.6 a 86.7£0.9 a 24.1+0.2 a 11.0£0.7 b
TF 241.6+£34.1b 259.6+48.8 a 87.8+0.8 a 24.1+0.3 a 12.741.1 a
J7 ZE 50T (F {H) ANOVA analysis (F value)
At 75 38 Planting method(P) 18.7%* 1.2ns 37.9%%* 14.7% 0.4 ns
JitifEX Fertilization(F) 13.9* 1.9ns 2.4ns 3.3ns 16.8*
Fiitt I 2o BEAE(PF) 0.2ns 0.0ns 7.3ns 2.7% 0.0ns
HHZ HHE DCK 303.8+14.9b 107.8+6.8 ¢ 89.9+0.6 b 20.0+0.3 a 7.7£0.2b
Direct-seeding DF 405.0+11.3 a 120.1+£5.5¢ 93.4+1.1a 20.7+0.1 a 9.140.2 a
Bk TCK 272.2+12.0 ¢ 142.1£9.3 b 933+1.8a 20.6+1.4 a 7.6£0.3 b
Transplanting TF 323.7£6.2 b 156.3£7.7 a 93.3+0.7 a 20.3+0.2 a 93403 a
7 25 HT(F {5) ANOVA analysis (F value)
FhiE 5 38 Planting method (P) 72.08%* 67.1%* 4.3ns 0.1ns 0.0ns
A Fertilization (F) 132.07** 0.1ns 6.4ns 0.2ns 105.1%*
Tt 77 s PxF 14.02ns 9.5ns 4.3ns 1.4ns 0.7ns

DCK. DF. TCK Al TF 7} 3N EAAAMAL . EARIEIL. R ATENIAMAE RGN Rh Bl AP EAAREE (n=3); FSEIRE ARG 71
TR R E . TR, 5 SRR 5%, 1%KTRERERE, ns R REFEHR,
DCK, DF, TCK and TF are direct-seeding without fertilizer, direct-seeding with fertilizer, transplanting without fertilizer and transplanting with fertilizer,

respectively. Data in the table are means + standard deviation (n=3); Different lowercase letters in a column indicate significant difference among treatments

(Duncan). In the ANOVA analysis, * and ** indicate significant effects at the 5% and 1% levels respectively, and ns indicate no significant effect.

BN 26.9%. SAGEACAEEMLL, HHZ EH8E&F
it A A R ) B TR A RACRE RN 4 S 4 | 1
T 33.3%F0 3.9%, BARFAAM T, it AR AL T AL
T AR A RO B B BEORLE 2 A 3 n T 18.9% Al
10.0%. S5 ARACFEAH B, HLY 332 75 A i AE At AT
AR, EAR AL (1 B TR U SO A A 3G T
30.7%F1 19.6%, HHZ 4353 H0 7 11.6%F1 25.1%.
S5 HEFBLHEM, HHZ TEAEIEREIE AT,
F A B IR RS 3G N T 31.8% A1 30.1%.
22 REDHIMREEYE

FH 1) JEAE A R B 1-A), SRRk ML,
BHIBKFEEIEBA LK, WAFESAEERLZE,
AR dhah, HIEE AR 2, BB 4l
K. F5. LB REE LS ERRKRE, e
DLR EI IR R % . B 1-B il LEWE H &+
EMRARM . BEAIRAREESAAIE 0~5 cm [
+ 2, EEHEFEMET, HLY332 A IR A e a3
7E 0~5 cm T2 FI PR R AV E 5 /318 50.1%
F156.8%, HHZ 7358 63.5%K1 67.0%; TiFsaK
FEHIHR R M FE B AGLE 5~10 cm )2, HLY332
AN it JIE R i IR AL BRAE 5~10 cm 2 F IR 24
B 5 RR 42.9%F1 41.9%, HHZ 4514 53.2%

F491%. K 1-C Z/KFg 0~20 cm IR RAEVE,
it JE AT DL S B INAR KAV R, 54 IR AL A
b, HLY332 fEEEMFEARFA T, AL AR
ZAVE S RIBEINT 46.9%A1 45.9%; HHZ 43 514
T 64.9%F 56.9%.
23 REES

it RE A 7 R RIE SRR A B
W, SAEARALBEAHE, HLY332 #EEELMT,
AR AR SR . MRR AR . IR EARFIR &
SARFR I T 25.7%- 20.5%- 46.8%H1 88.0%,
FERRRESA T BN T 65.8%. 125.5%. 114.8%
M 168.4%; SAHACACFEA L, HHZ 7 EI3&EA:
T, iAEALE R EARK . AR, PR EAR
AR BARAR BRI T 113.0% 73.1%- 127.6%F0
60.0%, TEFEIRZEME TN T 44.0%. 47.4%.
61.5%K1 79.4%. 5HIFLAEEMILL, HLY332 fEA
REZAETT, R A B AR AR AR 4040 B A% 20 i) 3
T 24.2%F0 36.6%, TEilAESEAE TR AR AL &
R MR, PR EAAFIR R B AR5 538
T 78.6%- 90.7%- 92.2%F1 104.1%. 5 EH KA
FHEE, HHZ ANHAE AT, FEARACEE (1) AR FIAR
LR HIHEIN T 181.7%K1 79.3%, FEMENESA: T
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A, Rice root profiles; B, Schematic diagram of root distribution; C, Root biomass in the 0—20 cm tillage layer. DCK, DF, TCK and TF are direct-seeding without

fertilizer, direct-seeding with fertilizer, transplanting without fertilizer and transplanting with fertilizer, respectively(n=3); Different lowercase letters on the

columns indicate significant differences (Duncan) in root biomass from 0-20 cm between treatments. HLY 332, Heliangyou 332; HHZ, Huanghuazhan.
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Fig. 1. Effects of fertilization and planting methods on root distribution and root biomass of rice
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HLY332 [P, WRERMAR. PR EARARR
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i, TR R EAE A S5 2 e N 5 PR & s
LT B4, AR KRR AL & 5 B Ae OR R
FIMRRIE /1, SEMBEOHEAML, HLY332 7EAEAE
AR SEHE T, R R AR AR A5 A0 5 R 43 B i 1
29.2%F1 27.2%; HHZ 7353 hn 1 28.7%H1 42.7%.
Rk 7 2o A3 HLY 332 A1 HHZ AR5 i o HL
VERUBIIIAN T2
25 AREEBHERE

R 76d bb A& SR AE A PR T 5 b 38 43 2 75 o R
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SERMKRERE H, HLY332 BB REAL T,
Jiti A A 3 P 7K AEAR 76 EE 23 T35 0 T 21.9%F0 28.3%:
HHZ 751307 42.8%A1 18.4%. Ffi J7 2 < i Il
X HLY 332 Fil HHZ 76 L i BLAE RS AN B35
2.6 IEIRERE

Jit A AT AL 2 B K RE BT 71, mRR TR EOR
ZRK, S5AEACAFRANEL, HLY332 7EEBM
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TEATAEFE IR PE T, R AR IRIAR 45 505> 3
FEAK T 44.0%F1 34.5%; HHZ 73 BIFEAK T 12.5%F0
17.0%. Jits JEANFAE 77 s KR B O B ZXFF AR
A ZERBE JELRE 15 T0 25 R, Ao 7 =X R X
HLY332 fl HHZ E.OE . ZFFER. ZZREE R,
PUAT JI A EIR AR R BAE RN A B



258 P E K FEEL 22 (Chin J Rice Sci) 55 40 %55 2 # (2026 43 H)

R2  HERBFFIE S XK FEIR RS HIR 0

Table 2. Effects of fertilization and planting methods on rice root morphology

A it 77 20 L3 ISYIESIS MR W FHREAR R SRR
Variety Planting method Treatment Total root length(m) ~ Root surface area(dm?) Root diameter(mm) Root volume(cm?)
HLY332 HF DCK 14.9+0.8 ¢ 214422 ¢ 7.8£0.2 ¢ 182.0£33.6 ¢
Direct-seeding DF 18.7+2.4 b 25.842.4b 11.4+0.5b 342.2+57.5b
2251 TCK 21.2424b 21.8+1.6 ¢ 11.8£1.7b 238.2+29.4 ¢
Transplanting TF 352+19a 49.1+1.8 a 252+43.1a 639.4+25.8 a
7 25T (F {5) ANOVA analysis (F value)
i 7730 Planting method (P) 105.7%* 102.1%* 75.9%% 62.7%%
JEAE Fertilization (F) 64.3%% 183.9%* 701+ 156.2%*
il 7 AL PxF 20.9% 96.2%* 23.2% 29.1%*
HHZ HH DCK 9.2+1.6 ¢ 147£1.1¢ 5.6£0.7b 174.9£28.5b
Direct-seeding DF 19.6+2.2 b 25.442.2 ab 12.7+x14a 279.8£219 a
TR TCK 18.742.7b 20.2+4.1b 6.9£0.9b 176.5£37.8b
Transplanting TF 26.9+5.7 a 29.743.0 a 11.2+1.5a 316.7424.6 a
7 25 HT(F {5) ANOVA analysis (F value)
A8 7720 Planting method(P) 17.6%* 8.7* 0.0ns 1.3ns
JifEIE Fertilization (F) 21.4%%* 37.9%* 69.1%* 53.9%*
P 7 xR PxF 0.3ns 0.1ns 4.4ns 1.1ns

DCK. DF. TCK I TF 7} AN EIEAMAL . EEMEAL . BRATEIE AR AN . R p B - FIEAR R (n=3); RZEHE R R/ NS 71
FIRKEBL ] 5 52 ¥ (Duncan). *. ** 3 HIFIRTE 5%, 1% K TRCREH, ns FonTL R EICR.

DCK, DF, TCK and TF are direct-seeding without fertilizer, direct-seeding with fertilizer, transplanting without fertilizer and transplanting with fertilizer,
respectively. Data in the table are means + standard deviation (n=3); Different lowercase letters in a column indicate significant difference among treatments

(Duncan). In the ANOVA analysis, * and ** indicate significant effects at the 5% and 1% levels respectively, and ns indicate no significant effect.
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DCK. DF. TCK il TF 73BN B AMAL, BERFMIL, BRI Kt P A F 3R Rm Fiy SR (n=3);  **3IRTE 0.01 /K-
ZR R, ns FIRZEFAEZE (Duncan).

DCK, DF, TCK and TF are direct-seeding without fertilizer, direct-seeding with fertilizer, transplanting without fertilizer and transplanting with fertilizer,
respectively. P and F indicate planting method and fertilization, respectively(n=3); ** indicate significant difference at the 0.01 level, and ns indicates no

significant difference(Duncan).
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Fig. 2. Effects of fertilization and planting methods on root bleeding intensity
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DCK, DF, TCK and TF are direct-seeding without fertilizer, direct-seeding with fertilizer, transplanting without fertilizer and transplanting with fertilizer,
respectively(n=3). Different lowercase letters on the columns indicate significant differences between treatments (Duncan). P and F in the figure indicate planting
method and fertilization, respectively; * and ** indicate significant difference at the 0.05 and 0.01 levels, respectively, and ns indicates no significant difference.
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Fig. 3. Effects of fertilization and planting methods on the root-shoot ratio of rice at different growth stages
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Table 3. Effects of fertilization and planting method on rice resistance to lodging

St Fli R it MO AL REE Vi) ks
Variety Planting method Treatment Height 9f center Stem diameter  Thickness of stem Bendlng Lodging index
of gravity(cm) (mm) wall(mm) resistance(N)
HLY332 E# DCK 533423 a 6.6£0.5a 1.3£03 a 13.0£13 ¢ 222.8+16.3 a
Direct-seeding DF 54.043.6 a 6.6£0.9 a 1.6£0.9 a 16.3£1.1b 131.9£59b
(22 TCK 53.0£2.0 2 6.6£0.2a 1.6£0.6 a 16.1£0.3 b 154.7£193 b
Transplanting TF 54.0+2.0 a 6.9+£0.8 a 1.4+0.4 a 18.840.7 a 98.1£12.9 ¢
T3 Z 5 HT(F 18) ANOVA analysis (F value)
F#E 77 20 Planting method (P) 0.0ns 0.1ns 0.1ns 15.3% 37.1%*
Jififitt Fertilization (F) 0.3ns 0.2ns 0.0ns 24.0* 77.1%*
Tl 7 <AL PxF 0.0ns 0.2ns 0.3ns 0.6ns 4.2ns
HHZ HiE DCK 47421 a 4.6£0.6b 1.3£0.1a 14304 ¢ 168.5£12.3 a
Direct-seeding DF 51.5+42a 5.8+0.7 ab 12402 a 17.74£1.0 b 113.6£5.1 b
(22 TCK 49.0£1.9 a 5.6£0.8 ab 1502 a 16.1£1.3 b 111.5+10.2 b
Transplanting TF 50.4+2.7 a 6.4+0.6 a 1.3+0.2 a 20.7+0.8 a 80.2+4.6 ¢
T3 Z S HT(F 1) ANOVA analysis (F value)
F#E 7720 Planting method (P) 0.0ns 4.7ns 1.3ns 20.6* 80.5%*
JitiJE Fertilization (F) 2.6ns 6.7* 3.8ns 56.9*% 73.3%*
i 77 A PF 0.6ns 0.2ns 0.0ns 1.3ns 5.4ns

DCK. DF. TCK #1 TF 73 5N EREATEAL . EAREAL . BRA MR (n=3). RPEERFIE S IRHEZE (1=3); FFIEGEE AR
5 FRFROR A PR 2 5 B (Duncan). 7T, FL SSRURTE 5% 1% KT RER R, ns R TRFIR.

DCK, DF, TCK and TF are direct-seeding without fertilizer, direct-seeding with fertilizer, transplanting without fertilizer and transplanting with fertilizer,
respectively(n=3). Data in the table are means + standard deviation (n=3); Different lowercase letters after the data in a column indicate significant difference
among treatments (Duncan). In the ANOVA analysis, * and ** indicate significant effects at the 5% and 1% levels respectively, and ns indicate no significant
effect.
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*, P<0.05; **, P<0.01 *, P<0.05; **, P<0.01

Y: i R/S: MUELE; RB: MRAEYE; RBL MMGMEAZ; TRL: SR RS: MEEHEA; RD: REA; RV: A BR: HidfiJs; LI BIRE
Bl *. **FFRIR 5% 1%KFR0UR .3 (Duncan) .

Y, Yield; R/S, Root-shoot ratio; RB, Root biomass; RBI, Root bleeding intensity; TRL, Total root length; RS, Root surface area; RD, Root diameter; RV, Root
volume; BR, Bending resistance; LI, Lodging index. * and ** indicate significant effects at the 5% and 1% levels, respectively (Duncan).
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Fig. 4. Correlation analysis of root system indicators and yield
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