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Dynamic changes of starch synthesis enzymes activities of
Panicum miliaceum L. grain during the filling stage
under different mulching cultivation

ZHANG Yan-ping', SU Wang'. GAO Xiao-li'* . LEI Jin-yin’,
GAO Jin-feng' . WANG Peng-ke', FENG Bai-Ii'
(1. College of Agronomy/State Key Laboratory of Crop Stress Biology for Arid Areas,
Northwest A & F University, Yangling 712100; China;

2. Hengshan Agricultural Technology Extension Centre in Shanxi Province, Yulin 719100, China)

Abstract The purpose of the study is to investigate the effect of different mulching cultivation on the activity changes of
enzymes involved in Panicum miliaceum L. grain starch biosynthesis and the characteristics of starch accumulation in
grains, to analyze the relationship between them,and to find the best mulching cultivation in arid area. Yu-mi 2 ( Panicum
miliaceum L.) as the material was used in the study which was cultivated under four types of mulching cultivation and
one type without mulching (LD). The four types of mulching cultivation include straw mulching (JG) , plastic film
mulching with two grooves (SG) . plastic film mulching with ridging (QL) and plastic film mulching the whole field
(QM) . The results indicated that the activities of adenosine diphosphorate glucose pyrophrylase (AGPP) , soluble starch
synthase (SSS) , granule-bound starch synthase (GBSS),and Q enzyme changed in the pattern of a single-peak curve

during grain filling stage. the activity peaks of AGPP and GBSS appear in 20 days after the anthesis, and the activity
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peaks of SSS and Q enzyme appear in 15 days after the anthesis. The activities of AGPP, SSS, GBSS and Q enzyme

were all higher in mulching cultivation than that in LD (P<C0.05) , the starch content is higher than that in LD cultivation,

and the QM cultivation was the best (amylopectin accumulation increased 16. 62 % , amylase accumulation increased

9.08% and the 1000-grain weight increased 6. 16% ). The accumulation rate of amylopectin was significantly or highly

significantly correlated with the activities of AGPP, SSS and Q enzyme, the accumulation rate of amylose was

significantly correlated with the activities of AGPP and GBSS,and the accumulation rate of total starch was significantly

or highly significantly correlated with the activities of AGPP,SSS,GBSS and Q enzyme.

Key words Panicum miliaceum L. ; mulching cultivation; filling stage; enzymes of starch synthesis; amylopectin;

amylose
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Fig. 1

AGPP(a),SSS(b) ,GBSS(c) and Q enzyme(d) activities under different mulching cultivation
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Rl AEEBEZSHIESERA . DEEBEFEEEME
Table 1 Increase rate of enzyme at different times under different mulching cultivation %
it AEJ5 It 1a]/ d ) )
Enzyme Days after anthesis LD 16 QL SG QM
GBSS 5 0 62.74 31. 37 39. 22 50. 98
10 0 34.48 11.49 45.98 67.82
15 0 37.39 22.76 42.28 53. 66
20 0 15.76 10. 84 18.72 21.67
25 0 17.75 13.02 20.12 28.40
30 0 18. 06 5.16 2.58 14.19
35 0 1. 44 7.19 11.51 12.95
SSS 5 0 53.57 17. 86 48. 81 61.90
10 0 12. 50 10. 12 19. 64 41.67
15 0 10. 34 14,18 16. 47 22.99
20 0 —13.42 —18.52 —11.57 —3.24
25 0 —2.42 —29.09 —7.88 —3.64
30 0 5.00 —25.71 —12. 14 1.43
35 0 —4.72 —31.49 —14.96 16.53
Q B 0 5.91 24.02 20. 47 7.09
10 0 12. 24 8.67 11.48 17.09
15 0 7.17 7.61 5. 65 10. 65
20 0 3.06 20. 83 21.11 16. 94
25 0 9.29 19.55 12. 82 19. 55
30 0 2.21 24.72 15. 87 11.07
35 0 —4.56 7.60 11. 41 11.03
AGPP S 0 —1.46 —4.38 1. 09 6. 20
10 0 6.72 4. 97 8. 47 12.27
15 0 6.99 4.50 8. 50 10. 99
20 0 5.43 5. 88 8.37 9.50
25 0 3.36 3. 84 5.77 7.21
30 0 3.28 3.03 3.93 3.03
35 0 —0. 80 0. 80 1. 60 0. 00

2.1.3 GBSS #&H
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UKL S 45 PR3 45 R » A7 75 T RFRLTE B3 L P £
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] AR b 3 GBSS 3 P4 5 5 i 228 4k L B AE

J5 GBSS {E P # g K 5 20 d 83 Ig(EH, Z )5
BT, SAR 1) 5~25 d E Ak K
) GBSS {5 P34 1 25 K T 88 b ok % (P<<0. 05) , f&
J5 5 d.GBSS il h JG>QM>SG>QL>1LD; {£
Ji 10~25 d,GBSS it QM>SG>]G>QL>



513 T4

I Tr) 7 S A 5 JBE T L T S 300 ) T O AR AL

ol
[S2]

LD;fE)5 25 d,GBSS {i#Eh QM>]G>SG>QL>
LD,
2.1.4 Q%

Q Bl 1 VE F SR AL T o- 1, 4 R LK BRI Y
R B RS R C B FL B o 1,6 BT
NG ST 8E . MIE 1CdD) AT LLE W R
HATR] A [R] 4b PR Q il 3% PR 1 R BN S B R e, 2
WAl B G 15 d AR M. 55 % 1 i,
AEJ5 10~15 d. B3 a2 AR HG 09 Q Wl vih 14 Wi 35 K T 6% b
Fedh (P<<0.05) . f6J5 10 d. Q BI&ETE N QM>]G=>

5_

Amylose accumulation

YEETERY L B/ (mg/grain)

S = N W A LA

SER A R/ (mg/grain)
Tolal starch accumlation rate

5 10 15 20 25

30 35 40 45

SG>QL>LD; )5 15 d.Q ikt QM >QL>
JG>SG>LD,
2.2 MHY . BEEEMPIRE
2.2.1 Z##EHRE

B A6 J5 R ECE I, B R A S6E TE R 1 B R
Py S B K (& 2Ca)) , B BE 25 T 3¢ 0 7R 00 4
i S VE R R SR A AN BT . R R e S
B, XM BERIEAR 5~10 d 3 fn 2
18 fEJ5 10~20 d 3G, 2 5 #F A 9218 15 iy,
f6J5 35 d LUJG CHEVE M AR R g il 2>, ik 2

N
n
1

Ly = g
o W o
T T T

e
n

Amylose accumulation

HHEVERI L Z 4t/ (mg/grain)

15 20 25 30 35 40 45

. 041

B 2R [(mg/(grain - d)]
Total starch accumlation rate

2 D - .-
:Eé 5 10 15 20 25 30 35 40 45

TR

Days after anthesis

—— G —=—(QL

—&— SG

—a—0OM ——1D

(a) L #EVERY Amylopectin; (b) HBEVEH Amylose; (¢) BUEH Total starch; (d) B yEH Total starch,
B2 AEABEHIEEFEMREERMEER

Fig. 2 Starch accumulation and accumulation rate under different mulching cultivation

R2 TEEZREEMREETHRERHEEME

Table 2 Starch accumulation,1000-grain weight and the increase rate under different mulching cultivation
ST VE A HEEER
U MERE/ ZHEmHmE/% MRE/ HEEEESHNE/ % TREE/g TREEKME %
Cultivation (mg/grain) Increase rate of (mg/grain) Increase of 1 000-grain Increase rate of
Amylopectin amylopectin Amylose amylose weight 1 000-grain weight
accumulation accumulation
JG 3. 66 9.20 1.99 4.70 9.03 4.33
QL 3.49 4.10 1. 96 2.97 8.75 1. 15
SG 3.80 13.52 2.06 8. 34 9.13 5. 54
QM 3.91 16.62 2.07 9.08 9.18 6.16
LD 3.35 1.90 8.65
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16.62 %.,13.52 %.9.2 %M 4.1 % (P<C0.05),
2.2.2 A#RBHABRE

Wit AE J BT ) 3 s JBE R v S8 TE R 1 AR R
PE SR K (8 2(b)) BT 5~10 d. FEETE
MR E B NS )G 10~25 d. HEETE R L 24
BN RS 35 d B, EEE UE R AR R AR G F)
K, HE2ATH, HEEEHHZRRA R QM>
SG>QL>]JG>LD, 5 LD HH, Bk v by 1 5k

QM > SG > ]G> QL, 43 5 jim 9. 08%.8. 34% .
4. T0Y6 A 2. 97 Yo AR R [R) 3 15 55 1 T B4 JE A L 3R
HERANRE TREHBER MR REZHERE
AR EROR TN
2.3 EMEBEEESEMRENXR
M B (K 3)  RRIFR IS 10T BE T4
B A TE R B B R 5 GBSS., SSS.AGPP #l Q [ifi 1
PRI S O B A O HEE M R R R S
SSS I Q Wi i MY B B IEA OG5 AGPP ¥ 2
3 R O B BE VE By AR R % 5 GBSS 1 AGPP
I PR A I R R B RO, HEM B Rl R
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Table 3 Correlation analysis on starch accumulation rate and enzymes activities %

SBEVE R R R

=R SUES ST AP S S

fify 7 _
Enzyme Cultivation Amylopectin Amylose Starch
accumulation rate accumulation rate accumulation rate

GBSS JG 0. 665 0.770" 0.716"
QL 0.592 0.758" 0.691"
SG 0.609 0.754" 0.682"

QM 0.627 0.790" 0.701"

LD 0. 507 0.699" 0.534
SSS JG 0.871" 0.617 0.798*
QL 0.897™ 0.658 0.840"
SG 0.960 0.642 0.921"
QM 0.961" 0.619 0.915"

LD 0.931" 0.615 0. 899
Q JG 0.863" 0.6747 0.813"
QL 0.950™ 0.638 0.935™
SG 0.982" 0.615 0.961"
QM 0.981" 0. 664 0.976"
LD 0.834™ 0.622 0.802*
AGPP JG 0.791" 0.811* 0.814™
QL 0.713" 0.811" 0.762"
SG 0.714" 0.789" 0.767"

QM 0.739" 0.842" 0.797"
LD 0.761" 0.784" 0.777"

e L% SpBIARRAE 001 F100. 05 7K GO |- 35 4156

Note: ** and * mean significance at the 0. 01 and 0. 05 probability levels, respectively.
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