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Effects of Paclobutrazol on Growth and Physiology Characters of Sorghum

WEI Shi-lin, YANG Pu-yuan, LIANG Hong-kai, YIN Cong-pei, REN Gen-zeng, GAO Yu-kun,
CUI Jiang-hui*, CHANG Jin-hua”

(Agricultural College of Hebei Agricultural University, Baoding 071000, Hebei, China)

Abstract: In order to understand the effect of paclobutrazol on growth and physiology characters of sorghum
(Sorghum bicolor), the variety ‘Nongdahong 1> was sprayed different concentration paclobutrazol solution at
jointing stage, the growth and physiological indexes were studied. The results showed that compared with the
control, the plant height and basal internode length of sorghum decreased after sprayed paclobutrazol, and the
stem diameter and ear grain weight increased. Therefore, paclobutrazol treatments could improve the lodging
resistance of sorghum. Meanwhile, the chlorophyll content and net photosynthetic rate of leaves increased as well
as the antioxidant enzyme activities, and the MDA content reduced. Therefore, spraying paclobutrazol could
improve lodging resistance, delay leaf senescence and increase yield of sorghum. In the field production, spraying
450-600 mg/L at jointing stage was more effective.
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2 BURIAIE 58 R WAt AL 42 77 BE A% FE(IK T K (Zea mays)
PR, BEMZEHH, REPUERTE, I SRR A
ST T R AR T I 2 s Liu SOV TR B,
T e A7 255 e T DL ARG B 742 (Sorghum dochina) ik &
HOMZEAH, PB4k ab 21T (Phyllo-
stachys heterocycla)f1 H % (Dioscorea esculenta) ),
SRR S EAEOLEE F 5, H SOD. POD
TEVESE R, MDA &2, 5 TR, A
AT s AR R 010, G HF T SR W I2-16], 7 s Ak
AR I — € Fie it T A R 1R AR

7% (Sorghum  bicolor) N & 2< £} (Gramineae) &
RIE1EY, R AE TR Y, et b
HA B8, e i, &N, H
FERLAIFE AT 2 P g0, Jr ek, B B s
AN, ERNIEAW BT, R AR T
K, HEEBEZEA L, HTmREAKPEHS K
ARAR, FEmR SRR AN, O BRI s A
PREERNERZ . HElRmmRiEREE=a %
BHUEAR A S ARG i R 24 70 b R A TV,
B A AR R Y R0 v e AR K R B AR B R
W) AL B () BHF U D o AR AE 15 SR T BT it A [
WREE ) 22 350, 6 AR KR B RH AR 33 A 42 g
1750 M, IR IS BB R, DU A SRR
A P SRR 2K o

1 MR S

1.1 #

BEXMP R I AR RO K 22 F R s L
Z YRR 75 4 (Sorghum bicolor) i ffref k4T 1
57, PR 190 cm, AEE W 107 d. 2308 Eh
FIRAAA PR A F A= R g 7, AR &
N 15%.

1.2 ABRIT

HH [A]4a0 56 T 2018 7R AL Ak K 2R 50 R 3
BT, LHONEREL, 71355, T 2018 £ 5 H
20 HiEM, BENLXAHE, 3RER. ZHMERE
5 MMKEE, 415128 0 (357K, XFHE). 300, 450, 600
A1 900 mg/L. FHTTHACEIT I, 2018 4 6 H 24 H)
4 66.7 mL/m? 51 5] it BERR T 1 2%, Z3 il 8 i
Wi A 27 H). 9 M6 A 30 H). 10 H#(7 A 2
H). 11 H83(7 A 5 H)F1 12 -7 3 9 B)Ffisk

9 H 4 H)EE,

1.3 Hik
WaE  WEERH & E, eIt
TE VRN R s 0 2 — 5w (R AL ) AR e 3
SRR B3 3 AT K ORI E AR AR
FAITRLE . M B 0BG 23wl LN 2 AR
MEAFREEAR . T8 JEk R T 2 (%)
HERSEMWE T L4 9:00-11:00, FIH
4 2 SPAD-502 Il & = S e EERER 1 7 RSt
W A S A R (AR 2R 3R B &, LA SPAD {H
FoR, MEIREDEE N 579.11 umol/(m? s), 15 25°C,
H ] CO2 MK 415.5 umol/mol, & 3 Ik, BUT-I{H
BCEERERNE TR 4 9:00-
11:00, FJH Li-6400XT St 5 A& f L BT 1) 4
N, WEAREGHA 579.11 umol/(m? s), HHE
25°C, CO2 k% 415.5 umol/mol, . 3k, BUFHAME.
AEALRERRNE  CRER LEE LR
Frb, SWARHEE, T-80°CHtfi. FREL0.59 M H
(ZmRK) T PP AT BRI\ 2 mL T4 1 pHT7.8
TR 2% T B R IR S e N 10 mL &0, FH
FREZ MR PR, B NEODE, B SR M
E8mL, T 4°C, 8000xg &> 10 min, H &R,
R APRE B 201, ik 45 Ak W (peroxidase, POD)yE 14
e K H B GIARENARY, @ BB (superoxide
dismutase, SOD)i 14l & >k FH & DU (NBT) Ak
LR, Py % (malonaldehyde, MDA) & &=l &
KA BACE EZ R (TBA),

1.4 FmabE

X1 Office 2016. SPSS 21.0 % #1741t
AT SRS, SR 2 H RO B AT B
53T, LA Person AHC REER AR AR (A1 IR AH DG PE

2 SR
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25 25 200 i Ak B D v SRR i ) B K TR
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SERRI (R 1), 2300 ST KA R
e 2 . XA B 2 RV FE T g, M 2
WEE KT 600 mg/L B, ZEFFHEOAHRN T 7 2%; it
KBS 2 IR EF =i, GREET
450 mg/L BT K ZERAEZE . B, & EIRER)
2 R R DU 50 0 2R A RN 4 A T

2 RN AR A — 58 BIRE I (3R 1), A
TR PR 2T A6 T 75 I 1] it 22 R0y FE 39 0 i 2 e, 43
55 65. 66 67. 70 F173d.

Fe GERF L O S R AE B S RIS SR A B

R MR e e K R

Table 1 Effect of paclobutrazol on growth of sorghum

TEHE L, NR2WW, SRR AR E
i R B B (RO 2, B4 2 Ak M A FEE 1 T
BN 242 R FE KT 300 ma/L B, AR
TER T ERRG; (H 2Rt S BT R R

2R RE TR S R, W AN [ UR B
(1) 2 20w, = e = s R A 600 mg/L>450 mg/L>
300 mg/L>900 mg/L>0 mg/L; Tk 5 [ifi #5 22 2 MR
FETH A BT BeAS, 1 B 22 R0 b BREE 0 T RERL
AR S, M2 HMIKEER 450~600 mg/L i, X
Fe RS RCR B AE (R 2).

YA 7 Hight (cm
ol PR Hight (cm) A4 Node L Stem JHAEN
Paclobutrazol 8 -1y 9 -1 10 M- 11 H-1 12 M- W3k - Flowering
length (cm) diameter (cm)
(mg/L) 8-leafstage  O-leafstage 10-leafstage 11-leafstage 12-leaf stage Harvest stage days
0 38.3+24a 94.3%7.2a 106.3+9.3a 111.5#9.0a 126.3#9.1a 202.7#6.2a  11.07+0.53a 1.160.08d 65
300 38.6+4.1a 87.06.1b 98.4458b 102.3#6.8b 120.2+7.0b 195.434.0b 9.60+0.53b 1.26 +0.04c 66
450 36.3+3.6a 77.734.8C 85.5+52c 88.8+23c 1029#54c 188.145.5c 6.11+0.13c 1.3430.03b 67
600 36.4+4.6a 79.5%3.9c 86.3+6.9c 90.4+6.9c 103.835.7c 183.2+4.1d 6.33+0.21c 1.39+0.03a 70
900 34.8+2.1a 75.143.2c 77.3+32d 81.1+4.6d 94.746.5d 178.344.5e 6.07+0.20c 1.41+0.02a 77
[R5 s Jm A R BER R 72 7 B3 (P < 0.05). R [,
Data followed different letters within column indicate significant differences at 0.05 level. The same is following Tables.
B 2 N [FIUR B 22 250t v SRR AL R 7 2 1 5 )
Table 2 Effect of paclobutrazol on grain quality and yield of sorghum
EZ LY RAREE G A RS Ly - FHRLE (g) THE (g)
; He s TEE (g) . ; )
Paclobutrazol Protein content Fat content /% Starch content Tannon content Panicle weight Panicle grain 1000-grain
(mg/L) 1% ° 1% 1% g weight weight
0 7.60+0.22d 4.95+0.25d 72.49+1.75a 1.93+0.10b 18.58+3.23d 15.74+3.97d 32.29+4.98a
300 8.12+0.54c 4.49+0.36¢ 72.79+1.12a 2.04+0.13a 23.11+2.62b 20.74+3.76b 29.39+1.29b
450 8.31+0.12bc 4.83+0.34bc 69.60+2.28b 2.05+0.08a 25.45+43.41a 20.85+1.35a 28.62+1.06¢
600 8.44+0.25ab 5.124+0.66b 69.66 +1.91b 2.09+0.04a 25.86+3.15a 21.58+3.5a 28.65+1.97c
900 8.67+0.17a 5.69+0.4% 70.3242.52b 2.11+0.06a 21.32+2.75¢c 18.29+1.29c 28.37+2.21cd
FHOCHE 3 M (R 3) KRB, Hhm AT K 5 TR E 2 M5 AL, B2 RMEBEAL R, ANE KB I
REFEIEMK, 5EEEREEZEFAEG, MM SRR A SOD WGt e T X, HE 2 R
MR BRESRTEEEREFMK, TRES  WRET ST E. EAEKKFHRE, WA SOD iE

JIi 7 75 B 2 DU R

2.2 MR AT A AL IRAR R

MK 4wl L, ZZEnALE, Br 8 ML,
9~12 M-l m g Fr B SR & B e T, LR
LMK TR T e BEAE R AR, WA
Mg B R ETHES . SO I 2 SRS 2
FIRR R A e AR, H B2 IR
TN R, XU 2 R RESR e R R D B RE DT

PR RIS ETHE T RS2 BT AR R
10 rHHA) SOD JEPERFRIBAR, BfE X Ttm. 2R
W b I i R POD S e TR, HBE 2
RO B T T T . 8~9 K POD & TR A
R TR, 9~ 11 A POD JEME A X R E
11~12 M3 SO B Tb . 22 Rk n] DL RARAR iy e
H1 MDA &, 8~11 M- MDA & & 4. 10
AR F MDA & IR T X HE o ol 22 e B
FtE, MDA &2 FMEA. 10~11 HHH, B
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Table 3 Relation coefficient among agronomic traits of sorghum

o N G g ) o %%W% TR o L AR A
Ag rzgn%riiijjt(rai t Hﬁ; ﬁ] t Ilzljoﬁz _Ste*r% Pﬁ_ifle Psgicr:e 101(;(;r_-:_;1;i;in g Erjéte:iln f E’(Hcﬁoﬁit ‘Es){?arachi %I';r;neiin::%
ength diameter weight weight weight content content content
FkiE Height 1
F7K Node length 0.899" 1
25 Stem diameter -0.9877  —0.941" 1
AHEE Panicle weight -0.514 -0.686 0639 1
FkI#E Panicle grain weight -0.480 -0.587 0593  0.961* 1
T-Fi=E 1000-grain weight 0.884" 0.909" -0.928" -0.767 -0.779 1
FEHFE R Protein content 0.001 -0.367 0.107 0505 0.494 -0.398 1
JlE i & & Fat content -0.976™  -0.932" 0.963™  0.462 0.417 -0.884" 0.139 1
EN T Starch content 0.778 0.914" -0.835 -0.677 -0.495 0.713 -0.208 -0.776
H4 i Tannins content 0.286 0.514 -0.427 -0.936™  -0.839" 0.514 -0.429 -0.220 0.641 1
** P<0.01; *: P<0.05.
F 4 ZRERT G R S B AN AR
Table 4 Effect of paclobutrazol on chlorophyll contentand net photosynthetic rate of sorghum
Z 3 (mg/L) 8 I 9 I 10 MR 11 i 12 -4
Paclobutrazol 8-leaf stage 9-leaf stage 10-leaf stage 11-leaf stage 12-leaf stage
MR 0 34.67+0.52a 38.36 +1.86¢ 39.57 +1.43b 42.7642.32b 44.45+0.78¢c
E:ShF!Xg)phy“ content 300 37.21+1.84a 39.96 21.69bc 42.1542.25ah 43.692.41b 44.98 +3.290bc
450 36.01+1.42a 41.72+1.85ab 43.3342.45ab 44,98 +1.90b 46.31+0.39bc
600 35.12+1.15a 42.49+1,00ab 43.65+2.09a 46.15+2.11ab 48.07 +1.83b
900 34.5442.23a 43.66+1.19a 44.42 +2.15a 48.55+0.68a 54.69+1.36a
VA R 0 13.60+1.82b 17.70 +0.44¢ 19.53+0.34¢ 21.71+0.62d 24.42 +0.07d
Net photosynthetic 300 16.15+0.41a 22.76+0.49d 25.63+1.35d 26.72+0.68¢ 31.58 +0.40c
rate [pmol/(m?-s)]
450 16.56 +0.50a 26.15+0.16¢ 28.3140.75¢ 30.75+0.53b 32.30+0.86¢
600 15.650.43a 29.01+0.82b 32.010.60b 34.94+0.30a 37.110.72b
900 17.3420.63a 32.13+0.36a 35.19+0.29a 36.98 +0.29a 40.55+0.75a
5 AN SOD. POD iEMEA1 MDA & & (11520
Table 5 Effect of paclobutrazol on SOD, POD activities and MDA content of sorghum
2% (mg/L) 8 i 9 -1 10 -4 11 -3 12 i34
Paclobutrazol 8-leaf stage 9-leaf stage 10-leaf stage 11-leaf stage 12-leaf stage
SOD (U/g) 0 501.254.10ab 607.56 +24.99b 328.07 +£31.59b 364.18+23.42b 370.16 +39.06b
300 494.78 +16.79ab 624.36 +31.00ab 338.81+19.93ab 381.70 451.23ab 400.15+32.41b
450 542.18 454.46a 645.04 £35.55ab 378.94+32.98ab 402.15%35.23ab 452.75443.94ab
600 534.10+30.3% 677.93+35.68a 390.10+29..81ab 429.37 +25.16ab 453.66 +43.98ab
900 471.51433.89b 681.43%39.21a 403.47 +46.96a 449.10441.91a 511.95458.89a
POD (U/qg) 0 1873.66 +73.15d 1.026.30 +45.02¢ 1199.65+35.83¢ 897.98 +59.55¢ 2 163.67+90.92c
300 2 493.41+84.14c 1204.12£72.27b 1200.67 +103.72hc 998.90 +87.81abc 2 368.28 +162.06bc
450 2 665.26 £70.72bc 1 224.61%75.50b 1346.91107.73b 1242.14 394 56ab 2 546.89 +127.22ab
600 2730.66+117.02ab 1 267.78453.61b 1390.54 +94.97ab 1 120.82 77.06abc 2178.99 +147.33¢c
900 2930.38+150.34a  1506.51480.92a 1638.32+117.04a 1300.78499.27a 2741.76 £72.27a
MDA 0 5.2230.26a 4.080.63a 3.9920.30a 3.1420.32a 3.41+0.52a
(umol/L) 300 4.17+0.26b 4.0010.33a 3.160.18b 2.65+0.33b 3.00+0.34b
450 5.55+0.32a 4.1010.15a 2.880.33hc 2.4420.24hc 2.98+0.22b
600 4.11+0.48b 3.7110.28a 2.76+0.38¢c 2.1840.24c 2.6240.23¢c
900 3.720.45b 3.64+0.47a 2.60+0.18¢c 2.08+0.32c 2.46+0.26c
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900 mg/L £ ZGMEALBR ) MDA & & ETR4h, Higkb
PRI R, HISE X, 11~12 318 MDA &
=4 LT, EME TR,

* 6 PUAALEEEE L MDA & &I AIAH %Ak

Table 6 Correlation between antioxidant enzyme activity and MDA content

HRIEDHT (R 6)RH, PLALEEGETES MDA
SR 2R, R RO AT DL e R T
SEACBIEE I, T R A IS RS [RI J2> MDA AR .

SOD POD MDA
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
SOD 1 1
2 0.013 1
3 0.082 0.966™ 1
4 -0121 0.986™ 0.968™ 1
5 -0.130 0.920° 0.967  0.961" 1
POD 1 0.003 0.887"  0.895" 0.895" 0.914" 1
2 -0.380 0.862 0.861 0.927" 0.949" 0.905" 1
3 0315 0.877 0.908" 0.940" 0.959™ 0.782 0930 1
4 0.037 0.809 0.920" 0.850 0.954" 0.890" 0.855 0.862 1
5 -0.389 0.458  0.592 0.577 0.763 0.674  0.789 0728 0824 1
MDA 1 0.583 -0.607 -0.425 -0.633  -0.491 -0561 -0.698 -0.537 -0.249 -0239 1
2 0.350 -0.879" -0.753 -0.886"  -0.747 -0.682 -0.807 -0.808 -0.519 -0.297 0.858 1
3 0323 -0.876 -0.889" -0.937° -0.969™  -0.918" -0.997"" -0.940" -0.892" -0.802  0.647 0.786 1
4 -0155 -0957" -0.923" -0.923° -0.868 -0.947* -0.817 -0.748 -0.801 -0.434 0.573 0.772 0.833 1
5 -0076 -0.952° -0.865 -0.909"  -0.800 -0.884" -0.785 -0.714 -0.675 -0.302  0.695 0.859 0.789 0.976™ 1

** P<0.01; *: P<0.05. 1: 8 M-$1; 2: 9 -311; 3: 10 M-34; 4: 11 wH-3¥; 5: 12 4.

** P<0.01; *: P<0.05. 1: 8-leaf stage; 2: 9-leaf stage; 3: 10-leaf stage; 4: 11-leaf stage; 5: 12-leaf stage.

3 AR

i SRR B AR T R R A A2 B
| A4, 22 2w 3 EhE I F R YA N PR R
MG, BEIRARN GAs I IAA ZKF, AT il fE
Vo oy AR LS (R At M 4 2, PR 7R A A T
), BRAGm e, BOMHZEFE, RN SpuERee 71m
SRS, TR BHRE-2T), R AR KA G AR T
T KA1 KT A% (Dahlia pinnata) bk, #hn 7 254 .
ARG W it 22 O R 3 AR T e, B =
GIEYSE SR el CIE NN iip: T EEN SR S i) i)
PRIDPUEIRAE 7T, BE 2 R0 iR BE T v, Xy ek
RN A, X 5 R TS AR AL .

A FLLE TR, 2 A R RS 46 5 SR
R SRS B E AR, MR, it
FHREL 0 A K i 2 7] f6 389 o B A7 1 T AR ) £ T4 A
5, RS R I 2, A E RN,
[F B 5] R PP G 0E, AL SR, Gl
TR . I 150 B 22 50w mT LG Ik B v S AR R
B R G A 2R 12029301,

Li S5BUHRIE, 280 4ES: | 3% (Lotus corniculatus)

MAERKKE: SN EBR I 5T K B PPass {1 22
¢ (Michelia alba)fEAk AL, THEE0E 2, FEHIEK
ARG LE R K, 2T REREEE —EW
WERAEH, BEZ MR T, TR AE IR 2
MR, EEXTIRAE T 1~9 d. I miR AL EE E AR
SR IEIR SRR, B2 52 i R I A

AR, 2R B & Yim
25 S 38 B B R, ik iz S S5 BRI RIE SR B,
% R RS 39 0 77 (Dianthus  chinensis) 4675 3
AARMNBNN S, 2 R b B ] AR /N 22 (Triticum
aestivum)fER I TR R . ARIGRIT, 230
AL E R R R, M2 MR B T 600 mg/L
B PRI = RN PRI, AT BB BT 22 RO B i o,
i G F A T, ORI ) SR RLEE S AN 58
4x, TROE TR X U0 IE YRk FE I 2 R aT A 28
femmR g, JF Hm SRR g m. (H2
MR T R SRR AE B TR, (133
RN T BE o N T AEEma T 2V EYIFP AN s 3R 1 IR
PR, 3R LR I 2 R B T B AL v SR R

BEIEI T e
2 RMEAR BN T R RATRUE SRR R T



206 P AT ) 22 4R

29 4%

PRSI AR, 2 R mT S5 35 3 /N PRI B
B G AR EN, MG T =37Fr
B ARG & B, e S A AR, )
L2 5 b BRLE I 0= B () R, X R FREE TR
WA —E M

SOD.POD s f77E TR AR N 1 B ZE T A AL I,
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