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Effects of long seedling age on rice root morphology and

yield under different sowing dates

LI Hairun, WANG Li, ZHANG Danke, LI Haojing, XU Guowei, CAO Jing"

(Agricultural College, Henan University of Science and Technology, Luoyang, Henan 471003, China)

Abstract: Sowing date and seedling age had important effects on the growth, development and yield formation of rice.
To clarify the differences in root growth of rice with long seedling ages and their responses to sowing dates, experiments
were conducted using two rice varieties, Xingengyou 1 and Zhengdao C42. Two sowing dates, May 8 and May
18(denoted as S1 and S2), were set, and two seedling ages, 30 d and 40 d(denoted as T30 and T40), were established
under each sowing date. Measurements were taken of rice yield, root length, root volume, active root absorption area,
total root absorption area, root oxidation activity, as well as the contents of zeatin and zeatin riboside(Z+ZR), abscisic

acid(ABA), and organic acids(acetic acid, tartaric acid, oxalic acid, citric acid) in root bleeding sap. The results showed
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that with delayed sowing date, root length, root volume, active root absorption area, total root absorption area, root

oxidation activity, Z+ZR content, acetic acid content, tartaric acid content and yield of long-seedling-age rice in all

growth stages(except at the tillering stage) exhibited decreasing trends, and all indices of the two tested varieties reached

the lowest values under S2T40. Compared with S1T30, at the heading stage, root length, root volume, active root

absorption area, total root absorption area, root oxidation activity, Z+ZR content, acetic acid content, tartaric acid content
and yield of Xingengyou 1 under S2T40 decreased by 52.7%, 32.0%, 30.8%, 52.7%, 35.0%, 9.1%, 79.8%, 79.2% and
47.3%, respectively; those of Zhengdao C42 under S2T40 decreased by 54.5%, 11.3%, 2.9%, 54.5%, 30.3%, 16.3%,
26.6%, 79.4% and 21.0%, respectively. ABA, oxalic acid and citric acid contents increased with prolonged seedling age,
and ABA and citric acid contents of both varieties reached the highest values under S2T40. Compared with S1T30, at the

heading stage, ABA and citric acid contents of Xingengyou 1 under S2T40 increased by 3.6% and 26.3%, respectively;

those of Zhengdao C42 under S2T40 increased by 11.0% and 58.1%, respectively. In conclusion, under different sowing

dates, long seedling age reduced root length and root volume, inhibited root physiological activity, Z+ZR synthesis, and

secretion of acetic acid and tartaric acid in root bleeding sap, and increased contents of ABA, oxalic acid and citric acid.

These changes consequently resulted in significant reductions in panicle number, seed-setting rate and grain weight, and

ultimately led to yield loss.

Keywords: rice; sowing date; seedling age; root morphology; root physiology

TR Ik & KR 2L B R & 287 /g
TR G BRI B B 2R, KR BRI A
BN o KA e TR TR AT PR IE E  Rh e 4],
B DRIEI 25 SR B S IR LRI DG 26 AR R AP . R IR 1L
SAHANFIABL AL, BT R RS 2, FhIHAE]
WEFC RO, 3 BRI RE BG4 B /KRS %% 45 5 18] 1)
iz BT, SEnEE R, dEsg AT AR,
AR, HASKIUKTEE ™ . KRR A
AP B2 B2 R R L), B TR AN, Bhil
WK BB AUE TRETR B, IEXHED
(R 8 I IR B 28 B AR R 2 R ). B A A
WHFRM], EHERRRES, WA KB, A
MEEsg ™ . SEREOMBI BRIy, Bkt iE
SRR ARG SO SRR SR, 3
BU= BB M. maEsehrEE AT, 25730
XN SR RN 7 0 NIV (B4 S PR S -
IRTEH IR IHEIE AR S SIS, Rk, B
FEANFIREI T ARG KRR R AR, W] 7K A
A e M e SR DR

IKAEF B SR ARG S AR BRI 3 DIAR K
RIFHIRRIEA . MR, RV IEI/KAER R4
Y, RERARITREEST, AR RRE A
BEAT e GV HE T 5 re AR B 0100 I g S5
WETERIL, 2RI SRR AR AR AR AR 57
R B R B IR ORI, 5F
FEI 5 R BRI AR R CR T AR 5 AR AR i
BRSO AR DL ESR I iR AR R 58 7, 72K

FEAR A 7 B R B A B . /KR AR R X /K A
FrE A EE RN . BRI SR, K
TR A AR . Z5SER BRI RO R
BEIEMX, S5HERABA)EEETMHEK. HY
RAH LA PR ELSE R SERTR. iR, &
B2 BRIARRSE . b, ZBRASERIRZE =FRRIEI
(TCATEIR) I B[R] P40, KRS 7 B B i Jo
JRAT BORREMU . 24T, [ A A B S Bk
BRI KARE B AL S L F R TR T
KAEWFFEIS, B A [FIFR AR S TLAE T KRS R
RAERKZES, FHRKERALRE, RAD WY H
IR A HUR & B Z RSV IRABE T . AT
A 1L WA [ 8 3 T AR KRR AR R B S A P
PEIRIAR L, PRI P B s, B =
ESREROR SNV S =vin - 2L IN | S VSR S
PRIRTE R LRI AR B 225 1

1 #EFRE#E
1.1 FRFnR ISR

20244 75 0 7 B K 54050 & 3 1 e B AR
R, BOR AR LS ROERECA2. REEH T
B4 fK 5 oN780.5 mm, £ HIREA A2 065.6 h,
ETHRIEN64 Co RIEEFE N30 ecm, H
ZoN30 cm, A3 kgid i 4, AL NI
FH X R . i LS A NL14.3 gkg ' Bl
R 75.2 mgkg ' B9 mgkg!'. HIYH
121.2 mg'kg's



ES2EH1M

A

AR R AR BRI KRB AR R L B iR 3

1.2 Rt

RGBS HSH . SHISH2MNE I (K I bric N
S1. S2), FFMEMIF30d. 40 d 2R (K kb
TCNT30. T40), FLTH8MNERE . RF/ N b BEMIE 257
WA, B30 FAAFALEHEA: ZHEWN),
240 kg'hm 2, #ZIEFEARAT40%. BHRIE7 d 10%. %)
T I50% 0 A s BEAE(P2Os), 300 kg-hm2; #f
JE(K20), 195 kg-hm2; AL, FRACYY— R PERL e
KGR AN BRERIRFR2~3 cmiEKE, 25
KRBT R B, BIE2~3 cm/K )2,
Ry K AR R -15 kPalf FE R E, T4y BERIARET
RPN, WORET R E K. AP RN,
A BN XK G B RS AR R, HARE RS
K H AR P2 BRAR B — 20

1.3 MEMBKFE
131 HRAHS
R AR AR S Y]
IORE, SACBEIYIORE3 R, S ARKZAG i A &
T3S, FHARBKGE R A I, R o)
BT A MR K R A, IR R s
(Epson Expression 1680 Scanner, HA)#H174 .
M WinRHIZOR 573 #1 R G347 70 #r
1.3.2 ARAZAFRERAR R ERLEH RGN T
HRURE IS TR) AT AL BE D73 R 1.3.1°15, SR FR A T g
AR 73 T3 00 78 HR 2 0 R T AR RIAR % R A TR A
1.3.3 ARARAALAGRZ

UK IS [R) AT AR B 795 R 1.3.179, R a2 1%
IEITNE IR R AT

1.3, 4 ARZ MG RR T 8 BA IR & 0 M2
ZHEHOUSELR 7%, 3l T BE . #iisy
I ShBETORE, RN EERE3 R, UEER R
PRI, FH Agilent 1260 = 250AH (3% SN 32 AR R 455
WP Z+ZR . ABAKHHIR(CIR AR 5.

FPRRIR) & B,
1.3.5 FEMRETF A= Zit 5

B REHET RAHIIUREA R, 20 500 R 5 SRR
TR SRR TR, IR

1.4 BAELES S

K H Excel (b PRI £ 4, FISPSS 22043t
T2 BmHLE, FAOrigin 2022814414

2 HER5SH

21 FRBEAT KB KEZER =2 KE

FHIFZM

A LAT W, AN A A ZKORS 72 B e s B b %
A REpm. £F—FAT, EeKPE, 24
IKFE AR e B K. Horh, S2T404bFE (™ &
A%, 5 S1T302S2T304H bt & 73 7l F54K47.3%
41.4%CHTFE15) 542.4%. 26.1%(FEC42); {E[F
—HEIT, BEEBRIEK, BRI 1S Rk A
5 85523 (1 P B IE 23 5 9 17.3%F19.2%; #RREC42
RREFEE . 24550 5 TR0 & 10-F 3 BR0E 2 5
23.7%- 10.4%H12.0%. HI UL 0 Hrmr s, AN [R5 1
TN IR T B P e AN [+

R1 TREBHAT KB XIKFE~E 5= EHRE TN

Table 1 Effects of long seedling age on rice yield and yield components under different sowing dates

it b ¥R FERTEEL (ST Lk L% THIF /g Fei g )

S1T30 19.67¢ 325.16* 78.44% 25.37° 126.25%
S1T40 20.67¢ 273.00° 72.41% 26.62° 108.47*

B S S2T30 22.674 268.97° 73.14% 25.47° 113.50%
S2T40 18.33¢ 219.10° 65.33° 25.40° 66.564
M 20.34 271.56 72.33 25.72 103.70
S1T30 65.67° 76.31¢ 82.91* 24.27¢ 101.01%
S1T40 47.33% 88.44¢ 74.85% 23.72¢ 73.63¢

HEFECa2 S2T30 51.33 75.75¢ 81.91* 24.35° 78.75%
S2T40 41.33¢ 80.30¢ 72.91% 23.91¢ 58.20¢
M 51.42 80.20 78.15 24.06 77.90

e FIFIARENG TR R R B R B 22 AR Ge i 22 B (P<<0.05)
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Table 2 Effects of extending the seedling age on the root length of rice under different sowing dates m/7%

B A kil 43 BEM] ARSI HhAUY B
S1T30 116.31° 326.48° 564.71° 432.80°

S1T40 125.78° 218.63¢ 374.45¢ 368.70°
RS S2T30 99.61°¢ 221.98° 362.73¢ 379.95%
S2T40 129.09° 105.49¢ 267.38¢ 277.72¢

FIME 117.70 218.15 392.32 364.80
S1T30 101.97¢ 250.17° 539.61° 421.12%

S1T40 130.38° 204.16° 369.65¢ 352.52¢

FFECA2 S2T30 116.15° 261.25° 366.99° 353.00¢
S2T40 145.25* 181.41¢ 245.62¢ 218.19°

FEE 123.44 224.25 380.47 336.21
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Table 3 Effects of long seedling age on the root volume of rice under different sowing dates cm’/J%
B A AbFR 43 BEI] LRSI HhAUY R
S1T30 26.67% 74.00° 127.00* 102.67*
S1T40 38.00° 65.00¢ 102.33¢ 88.33"
RS S2T30 27.33¢ 79.33¢ 108.33° 87.67°
S2T40 33.33% 60.67¢ 86.334 79.00¢
A 31.33 69.75 106.00 89.42
S1T30 23.00% 70.00¢ 85.67¢ 85.33°
S1T40 26.33% 60.33¢ 78.67¢ 71.00¢
HFECa2 S2T30 20.67¢ 68.67¢ 89.334 78.33¢
S2T40 24,33 58.33¢ 76.00° 75.00%
RSl 23.58 64.33 82.42 77.42

e FBIAS VNG 7 BRSO R IR 22 5 G 1 7 (P<0.05)
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Fig. 1 Effects of long seedling age on the total absorption area and active absorption area of rice roots under different sowing dates
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Fig. 4 Effects of long seedling age on the contents of organic acids in the bleeding sap of rice roots under different sowing dates
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