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Effects of exogenous brassinolide and different water treatments
on growth physiology, yield, and nitrogen use of rice

HAO Weiming, LI Haojing, LI Yuyang, ZHAO Xihui, CAO Jing, XU Guowei
(Agricultural College, Henan University of Science and Technology, Luoyang, Henan 471003, China)

Abstract: In 2022, with ‘Xudao 3’ as the material, two water treatments of normal irrigation ( soil water po-
tential was O kPa) , moderate water stress ( soil water potential was =30 kPa) and four different concentrations of
exogenous brassinolide (BR, 0, 0.1, 1.0, 5.0 wmol + L™") were set up during the growth period. The effects of
different water treatments and brassinolide coupling on root growth, root nitrogen metabolism enzyme activity,
aboveground growth and nitrogen utilization were studied. Compared with normal irrigation during the whole growth
stage, moderate water stress significantly reduced root total length, root surface area, root volume, active root total
absorption area, total root absorption area, shoot dry mass, plant height, tiller numbers and net photosynthetic rate
of rice by 21.8%, 20.6%, 12.9%, 13.9%, 13.4%, 26.3%, 13.8%, 17.7% and 13.1%, respectively. The
average diameter of root, root activity and root-shoot ratio were increased by 8.0% , 28.6% and 26.6% respectively.
With the increase of exogenous brassinolide concentration, root total length, root surface area, root average diame-
ter, root volume, root active absorption area, root total absorption area, nitrate reductase activity, glutamine syn-

thetase activity, shoot dry mass, plant height, tiller numbers, net photosynthetic rate and chlorophyll content all
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showed a trend of first increasing and then decreasing. The maximum value was reached under 0.1 pwmol - L™'(B1)

treatment. Root total length, root surface area, root volume, root total absorption area, root active absorption area,

glutamine synthetase activity, shoot dry mass, plant height, tiller numbers, net photosynthetic rate and chlorophyll

content were significantly positively correlated with yield and nitrogen fertilizer utilization. In conclusion, the inter-

action of normal irrigation and B1 treatment during the growth period was conducive to the increase of yield, which

was the best coupled operation mode of water treatment and brassinolide in this experiment.

Keywords: brassinosteroids ( BR) ; water treatment; rice; root morphology and physiology; above-ground

growth ; nitrogen utilization
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Table 1  Effects of exogenous brassinolide application and different water treatments on rice root morphology
BARE/ (m - ) IREHF (em? - 7" MR H AR HRARFL/ (em® « 70
s Root total length/(m - hill™')  Root surface area/(cm? - hill™") Root average diameter/mm Root volume/ (em? - hill™!)
Treatment Sy e ity gl SrBEN] ity SrEEN] it SYBEH] AR
Mid-tillering  Heading Mid—tillering ~ Heading Mid-tillering  Heading Mid—tillering ~ Heading
W1B0 177.5b 170.0b 2250.0b 2294.0c 0.40cd 0.43¢ 23.7¢c 24.7bc
WI1B1 227.5a 209.3a 2906.8a 2977.4a 0.43bc 0.45bc 30.4a 33.7a
W1B2 165.9b¢ 158.5be 2094.0¢ 2227.3¢ 0.42bed 0.49a 21.5d 26.7b
W1B3 151.9¢ 141.9de 1866.6d 1878.6d 0.39cde 0.42¢ 18.3e 19.8de
W2B0 134.5de 132.4e 1638.3e 1948.9d 0.39de 0.48ab 15.9f 22.2¢d
W2B1 150.1cd 165.2b 2236.3bc 2619.3b 0.47a 0.51a 26.5b 33.1a
W2B2 130.0e 151.2¢d 1755.7de 2273.7¢ 0.45ab 0.48ab 19.7de 26.0b
W2B3 123.8e 107.5¢ 1412.1f 1535.2¢ 0.36e 0.48ab 12.8¢g 17.9¢
F722453HT Analysis of variance
KA (W) 204.9 " 132.8* " 2745 40.6" " 1.0 227" 138.0" " 64"
W (B) 46.7" " 91.8" " 157.7** 131.8" " 21.2%* 55%" 178.8* " 171"
WxB 114" 9.2 " 5.8%" 64"" 6.0"" 52" 9.7"" 0.6

T : PR TR AL FIAE P<0.05 /K28 5 W3 0 T 28 20 (BB U I b B 22 1) 22 S X,

w FIRTE P<0.01 K F2EFEE, TR,

difference between treatments. * means significant difference at P<0.05 level,

Note: Different letters in the same column indicate significant difference at P<0.05 level. The larger the value of ANOVA,

# FIRTE P<0.05 /K- FEF B, «

the more obvious the

# % means significant difference at P<0.01 level. The same below.
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Note; Different letters in the same growth stage indicated sig-
nificant difference at P<0.05 level. W represents water treatment,
B represents BR concentration treatment, W X B represents
interaction between each other. NS means that P is not significant at
0.05 level,

* means that P<0.05 level is significant, * * means

that P<0.01 level is significant. The same below.
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Fig.1 Effects of interaction between brassinolide

and water on root activity of rice
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Fig.2 Effects of interaction between brassinolide and water on active absorption area and total absorption area of rice roots
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Fig.3 Effect of interaction between brassinolide and water on nitrate reductase and glutamine synthetase of rice roots
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Table 3 Effects of exogenous brassinolide application and different water treatments on above—ground rice growth
M E B e e L7 = B BERL
by Shoot dry mass/ (g - m™?) Root—shoot ratio Plant height/cm Tiller numbers per hill
Treatment SrBER A SrBEH ity SrBE itip sl SIBEH] AR
Mid~tillering Heading Mid~tillering Heading Mid~tillering Heading Mid~tillering Heading
W1B0 355.8b 884.0d 0.30c 0.16b 67.4¢ 92.1c 9.7¢ 11.3¢
W1B1 397.4a 1358.6a 0.31c 0.14¢ 73.6a 100.6a 13.7a 14.3a
W1B2 384.4a 1188.8b 0.23d 0.10d 72.0ab 101.2a 11.7b 12.7b
W1B3 328.5¢ 805.9¢ 0.22d 0.13¢ 61.8d 88.9d 7.7d 9.3d
W2B0 186.4f 687.1g 0.37a 0.19a 61.6d 86.5de 6.7d 8.3d
W2B1 247.1d 1201.1b 0.40a 0.16b 70.5be 96.7b 10.7be 11.7be
W2B2 214.0e 1057.7¢ 0.33bc 0.13¢ 68.2¢ 94.3bc 10.3be 10.7¢
W2B3 172.0f 745.0f 0.36ab 0.13¢ 59.5d 84.5¢ 7.7d 8.3d
25 H Analysis of variance
KIF(W) 2201.6"* 141.0* 177.7** 8.4 " 353" 87.0%* 60.5"* 84.5%*
WHE(B) 83.8% " 477.6* " 2047F 144.4% " 67.9%" 115.0"* 85.5°" 623°"
WxB 2.0 62" " 33" 11.0*" 1.6 L.5 95" 35"
Wors; B Wors; B Wors; B
450 (a)  WXB** WXB:NS 357 (B)  WXB:INS
L a
~ 40F >0 2 ab b b b
T 45t . Bl © .
P _ < MM 4 FroLs
s = 40 3
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Fig.4 Effects of interaction between brassinolide and water on net photosynthetic rate and chlorophyll content of rice
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REARA S, W1 AT, B1 AL AR P K BB 45
SR B, A4S BO B 121.0% (11.2% , B2 kb B4
TR E I 2, B BO 40 7.6% ; W2 b3 T, B1 Ab 3
B R BHA S B A 53 i 3¢ BO S 3 N 23.2%
H128.1%, FI UL IR N RV BE oK 53 5% e 7K A
PR T LA 0T WIBL PR R, 1545 T
FUA R i R R g S 45 5%,

ISVA
5

25 SMNEMERHMEZENERARKSS&E TG
RIBRZF HETWL
2R 3 Al AR S 2R PN R R R RN K A 3
B KA ANEAR 2= F R A 02 52 ), (H WG 35 T 1
FELHMN , HFESER N BRABE T, W2 Zb 3 IR
HIEAL T AN AR 2 R TR B W A 2P 34 AR
31.8% ; AHFIZK A3 AE R T, B 25 T =% 28 P9 R B 1Y) T
i, AR 24 R R R 2 B T e BRI a9, B
AL FR A P44 BO B4 164.3% . %% 1, W1BI &
A 2 F FH 2 e
26 ABEKEEBUEEFEREEKREMNRE
B R K15 AT
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Table 3 Effects of exogenous brassinolide application and different water treatments

on rice yield and nitrogen fertilizer agronomic efficiency

ST, ¥ = » %
Treatment per square meter Spikelet per panicle  Filled grain rate/% 1000-grain weight/g  Yield/(g - m™2) efficiency/ (kg + k™)
W1B0 279.4d 170.7¢ 68.2bed 25.3ab 822.5¢ 12.6d
W1B1 338.1a 183.7ab 75.8a 25.6a 1204.7a 28.6a
W1B2 333.7ab 186.0a 72.0ab 25.6a 1143.0a 26.0ab
W1B3 298.5¢ 179.1b 70.1bc 25.5ab 956.8b 18.2¢
W2B0 262.5d 138.3e 66.7cd 23.7¢ 572.6d 7.0e
W2B1 323.4ab 177.1be 67.8cd 24.8b 963.1b 23.3b
W2B2 319.0b 162.1d 65.2d 25.4ab 856.8¢ 18.8¢
W2B3 275.7d 138.7¢ 65.5d 25.0ab 625.4d 9.2e
5 EHr Analysis of variance
K (W) 224" 288.7" " 39.7" 27.9%* 386.1" " 133.6" "
WPE(B) 65.0" " 64.7" % 57" 84" 161.5"* 161.5"*
WxB 0.3 227" 3.0 38" 2.1 2.1

R4 ARMBABEREEFESFERAZFRANBEXXRSN

Table 4  Correlation analysis of rice growth physiological characteristics with yield and nitrogen utility at different stages

GBI (A A e

Growth physiological characteristics

FALA AR

Nitrogen agronomic

JAEEN

Growth physiological characteristics

RALACAFI IR

Nitrogen agronomic

at mid-tillering stage Yield efficiency at heading stage Yield efficiency
BUARE: Root total length 0.719* * 0.619* * SR Root total length 0.773* * 0.740* *
KR Root surface area 0.789* * 0.742** MR Root surface area 0.708* * 0.742* *
HOFH5 HAE Root average diameter 0.513" 0.638" * FROFH4 HAE Root average diameter -0.048 0.124
HAFL Root volume 0771 " 0.770" * HRAAFE Root volume 0.672"* 0.752**
HYHRBRIICIEAL Root active absorption area 0,783 * * 0.788* * HGERIBIKTEFR Root active absorption area  0.697 * * 0.766* *
HLEIZILAIFY Root total absorption area 0776 * 0.778" * HLEZ AR Root total absorption area 0.690" * 0.765" *
ARG ST Root activity -0.227 -0.056 HRZRIE ST Root activity 0.265 0438
HFRIA G Nitrate reductase 0.169 0.321 HMIA S Nitrate reductase -0.049 0.160
BRI B Glutamine synthetase 0.873"* 0.834" " A S U Glutamine synthetase 0.656" * 0642"*
i1 E#F i Shoot dry mass 0.827* " 0675 i1 Fi i Shoot dry mass 0.860* * 0.921**
R Root-shoot ratio -0.527* * -0.360 ARIELLL Root-shoot ratio -0.551" " -0.527" ¢
B Plant height 0.796* * 0.822** iR Plant height 0.873" * 0.891" *
FF7SIEESL Tiller numbers per hill 0.842"* 0.864" " B7CSTHEEL Tiller numbers per hill 0.847"* 0.829"*
AR Net photosynthetic rate 0635~ 0639~ B4 4 Net photosynthetic rate 0.928* * 0.853" *
4% &5 Chlorophyll content 0.868 " * 0919~ 4% 2 & & Chlorophyll content 0.924* * 0.901* *

3 0w

3.1 SMNEMEZRNBEER ARKS A BN KFERFR
TSR BRI R SN0
WRA AN KR oK 7 i EERRE
[RIIf SR 22 M e 1 A HLIR IR A LR & Y
HEG T, 2 Y ) R STk A R A Y
FEOI R R FRIE A8 S B M 9 45 52 31 R B
BRI m ", Xu 2 HF5R R KRR

WAL LIRS TR e R A %, RIE T2
38 T AR FIAR R R i AR BT, R
FEEIE WIRCR A S, AT R B, o 7K o3 iy ia
RS T KA B MR R AR MRARER AR AR
SR W AT A BRI R WA T AR, I 35 0 1 AR B AR
FIRRARTG F1 . AT RER N 3 5 A9 K 0 i de e 1
A AR P AU I, BE A I A I
Wy ST 240 i 14 5 T R e 2 K R AR AR I i o
T, B i AR R WS [ AL SR o B RE T, i R A
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A HLE A5 S R R, KA 3 2 R AR K R
B AR T R e R S, AR L
A FEAR K B, T FE 7K 43 38t 2 R AT b b BT
o bRE P EBER M ROt A R SR T,
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()RR TS 10 8 A2 W IR W g A 38 fie | S 38 D 3% P R
M B IOE S PR AR, I 2R 38 B i T I, D B ROR B
5%, NI P A R PR 55—, Ky
B FAEY T ABA FYFRLER TG ABA {55184,
PERAE R R AR SEm R SRR L, E¥
ARAECYFSE & B, BR AL ERAERS K R bk & | Bk T
fif A REfREOL A AR SR B A ER, TR T
M3t 25 mg + L7'BR AR B4R A B R0 IR
P15 24.62% , B A BRI 63.92% , AHFFER
W, BE A TS 28 PN TR R B8 1) T v, KRR b T
i MR T EER O R N R SRR
Thi G BRI S B1 ACFRRR B2 — 5 i nl fig
J& BR 2154 2R 3R SR B R e T,
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