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Effects of different pelleted seed coating formulations on seed germination and
seedling growth of three brewing sorghum (Sorghum bicolor) cultivars
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Abstract: Pelletized seed coatings reduce the incidence of pests and diseases, protect seeds against drought stress
during direct seeding, and improve the precision of sowing, ensuring healthy seedlings. The aim of this study was to

identify the most suitable formulation of pelletized seed coating for three typical varieties of brewing sorghum
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(Sorghum bicolor) cultivars: Jinnuoliang No. 9, Lunuo No. 8, and Hongyingzi. Different additives including fillers
and pelleting aids (gum arabic and diatomite) , bioactive substances (the fungicide tebuconazole, the insecticide
cyantraniliprole, and the plant growth regulator brassinolide) and functional materials (alginic acid, a super absorbent
polymer water retention agent) were combined to create seed coatings. Then, the effects of seed coatings with
different formulations on the seed germination and seedling growth of the three sorghum cultivars were investigated in
an indoor germination test and a hole tray sowing test. The results showed that a combination of diatomite as the
filler and a 15% solution of gum arabic as the bonding agent had a minimal impact on seed germination across the
three sorghum varieties when pellets were 5 mm in size. The seed coating agent disintegrated rapidly and there was a
high proportion of single-seeded pellets, which contributed to its superior result. The seed coating containing
fungicide: insecticide: plant growth regulator at a 1: 1: 1 ratio as the bioactive ingredients significantly improved the
seed germination rate and the seedling plant height and root length. Specifically, the application of this seed coating
ingredient to seeds of Jinnuoliang No. 9, Lunuo No. 8, and Hongyingzi increased the germination rate by 4.6%,
3.1%, and 6. 3%, respectively, increased the seedling height by 11.0%, 19.0%, and 38. 1%, respectively, and
significantly increased the root length by 18.9%, 50.7%, and 100.5%, respectively. Including an appropriate
concentration of alginic acid in the seed coating also effectively promoted sorghum seedling growth. Specifically,
alginic acid at a concentration 0. 1% in the seed coating significantly improved Jinnuoliang No. 9’s seed germination
rate by 9. 6%, plant height by 32.5%, and root length by 130.9%. Alginic acid at a concentration of 0. 3% in the
seed coating agent achieved the best results for Lunuo No. 8 and Hongyingzi, significantly increasing their
germination rate by 11.8% and 19.7%, plant height by 37.6% and 63.9%, and root length by 113.2% and
156. 3%, respectively. The optimal pellet size for sorghum seeds was 5 mm, and the best seed coating formulation
was 37.5% diatomite, 9.42% gum arabic, 13.27% alginic acid, 13.27% fungicide, 13.27% insecticide, and
13. 27% plant growth regulator. The most effective alginic acid concentration was 0. 1% for Jinnuoliang No. 9, and
0.3% for Lunuo No. 8 and Hongyingzi. The results of this research provide scientific data to underpin the
development of practical guidelines and technical support for pellet-seeding of brewing sorghum in Southwest China.

Key words: pelletized seed coating agent; brewing sorghum; seed germination; seedling growth
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Table 1 Aucxiliary treatment of pelletizing seed coating agent

QLB Treatment B 7 (R BLEE ) Additive formulation (volume ratio)
A, 15% BTRiAA R : ik #E +=5:11. 15% concentration gum arabic:diatomite=5:11.
A, 20 % BT RiAA i - fE e +=5:11, 20% concentration gum arabic:diatomite=5:11.
A, 25% BT RIAF S ik £ =5:11. 25% concentration gum arabic: diatomite=>5:11.
W, ALK A TEWE +=2:8. Pellet powder:diatomite=2:8.
w, AUKIALFD : ik +=3:7. Pellet powder:diatomite=3:7.
W, ALRifERy ¥ - =4:6. Pellet powder:diatomite=4:6.
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Table 2 Treatment with the addition of bioactive substance

4P Treatment A= W) 1 P i Bioactive substance
CK A Bare species
M, WA R 7 Add bactericide
M, WA : A MFH=1:1. Add bactericide: insecticide=1:1.
M, WM AR B R R A A K =1:1:1 . Add bactericide: insecticide : plant growth regulator=1:1:1.

R3  ARINTHRE R L AL IE

Table 3 Treatment with the addition of functional materials

Ab 3 Treatment Hifig 1k} Functional materials
CK, A Bare species
CK, AN BEM #F No functional materials are added
MH, NN 0. 1% He B 3R Add 0. 1% concentration alginic acid
MH, RN 0. 3% e B MR Add 0. 3% concentration alginic acid
MH, W 0. 5% e I 3R Add 0. 5% concentration alginic acid
MS, IR S L 0. 5% B9 SAP. Add super absorbent polymer (SAP) with a mass ratio of 0. 5%.
MS, WM 5 H 1% 9 SAP. Add super absorbent polymer (SAP) with a mass ratio of 1%.
MS, TN 2% B9 SAP. Add super absorbent polymer (SAP) with a mass ratio of 2%.
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Fig. 1 Effect of different auxiliary treatments on disintegration time of pelleted sorghum seeds

A 15 %6 BRI : 3 £ =5:11; A,k 20 % FTRLAAIE  fF 8 =51 115 A, 25% BTHLATEE - if 3 +=5: 11; W Sy JURLAL By < E o - =2:8; W, L
RLALRY - Bk £ =37, W UKL AR Bk b =4 6 AN RVNE S REFROR A RIRLAR T S [ BRI AL BE7E P<<0.05 /K V22 53 .3, R IRRS FhE RN AR
RAR A FRAE P<<0.05 7K P2 53 83, FR. A, is 15% concentration gum arabic: diatomite=>5:11; A, is 20% concentration gum arabic: diatomite=5:
11; A, is 25% concentration gum arabic: diatomite=5: 11; W, is pellet powder: diatomite=2: 8; W, is pellet powder: diatomite=3: 7; W, is pellet
powder: diatomite=4: 6; Different lowercase letters indicate that there is significant differences in P<C0.05 level among different auxiliary treatments

under the same particle size. Different capital letters indicated that different particle sizes had significant differences at P<<0.05 level. The same below.
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Fig. 2 Effects of different auxiliary treatments on thousand-grain weight of pelleted sorghum seeds
CK A#EFI, FIHl. CKis bare species, the same below.
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Table 4 Effects of different auxiliary treatments on seed content and single seed percentage of pelleted sorghum seeds ( % )

i pisl PAFT % Single seed rate A ¥ Containing seed rate
Variety Treatment 6 mm 5 mm 4 mm 6 mm 5 mm 4 mm
LGRS A, 99. 004 1. 00a 99.67+0. 58a 100. 00+0. 00a 99.6740. 58a 99. 00+ 1. 00a 97.67+0. 58ab
Jinnuoliang A, 98.334-0. 58ab 98.67+1.53a 99.67+0. 58a 100. 0040. 00a 99.33+1. 16a 98.3341.53ab
No. 9 A, 96.33+1.15b 99. 004 1. 00a 99.33+1. 16a 99.6740. 58a 100. 0040. 00a 99.3341.15a
W, 97.6740. 58ab 99.67+0. 58a 100. 0040. 00a 100. 0040. 00a 99.33+1. 16a 97.6740. 58ab
W, 97.6741. 16ab 99.3340. 58a 100. 00=£0. 00a 100. 0040. 00a 99.00=+1. 00a 96.6741.53b
W, 97.6741.52ab 99.3340. 58a 100. 00£0. 00a 100. 0040. 00a 98.67+1. 16a 94.3341. 16¢
laki 252 A, 98.3340. 58ab 98. 674+ 1. 15ab 99.33+1. 15a 99.6740. 58a 99.00+1. 00a 96. 33+ 1. 15ab
Lunuo No. 8 A, 98. 004 1. 00ab 97.0041. 00bc 100. 00+0. 00a 100. 0040. 00a 99.67+0. 58a 98. 004 1. 00ab
A, 96.6741.53b 96. 00+ 1. 00c 98.67+1.53a 100. 0040. 00a 100. 00£0. 00a 99.0041. 00a
W, 99.6740. 58a 99. 004 1. 00a 100. 00£0. 00a 100. 0040. 00a 99.3340. 58a 99.0041.73a
W, 98. 334 1. 53ab 97.6740.58abc  100. 0040. 00a 100. 0040. 00a 98.67+0. 58a 97.3341.53ab
W, 97.67+1. 15ab 99.00+1. 00a 100. 00=£0. 00a 99.3341. 15a 99.33+1. 15a 96.0042. 00b
212 A, 99. 004 1. 00ab 99.00+1. 00a 100. 0040. 00a 98.6740.58b 99.33+1. 15a 97.6741.15b
Hongyingzi A, 98.0041. 73ab 98.33+1.53a 100. 00£0. 00a 99.6740. 58ab 100. 00£0. 00a 98.6741.53ab
A, 97.6740. 58ab 95.3340.58b 99.3340.58b 99.3341. 15ab 100. 00+0. 00a 98. 004 1. 00ab
W, 99.3340.58a 99.67+0. 58a 100. 00£0. 00a 100. 0040. 00a 99.00+1. 00a 100. 0040. 00a
W, 97.00=+1.00b 98.3340. 58a 99.6740.58ab  100.00+0.00a 98. 674 1. 53ab 98.334+1. 15ab
W, 97.67+1. 15ab 99.00+1. 00a 100. 0040. 00a 99. 3340. 58ab 97.0041.00b 96.6741.53b

T ARVNG 5 /R IRTE P<<0. 05 K P22 R 3%, Rl

Note: Different lowercase letters indicate significant difference in P<Z0. 05 level, the same below.

K5 FARKELEMNALSRMHFENE ANFEHHMN

Table 5 Effects of different particle size treatments on seed content and single seed percentage of pelleted sorghum seeds

i Fift Rtz LR RSOl 5% W& KT 196 W 2 K7 EeRi=Sl(EN 5% 2 K- 1% W% 2 K7
Variety Particle size Average single 5% significant 1% extremely  Average contain- 5% significant 1% extremely
(mm) seed rate (%) level significant level  ing seed rate ( %) level significant level
EHER 9T 6 97.78 b B 99. 89 a A
Jinnuoliang 5 99. 28 a A 99. 22 a A
No. 9
4 99. 83 a A 97.33 b B
kG 8T 6 98.11 b B 99.83 a A
Lunuo No. 8 5 97.89 b B 99.33 a A
4 99.67 a A 97.61 b B
218 6 98. 10 b A 99. 50 a A
Hongyingzi 5 98.28 b A 99.00 ab A
4 99. 83 a A 98. 22 b A

Fob A 580 Fh S 0 2 BE A LA A T 4R v e B R T B R 2R, EL S N U S TR Ak B A 5 R 2 OB R TR
SAP fAEBECIEN5) o IR IAH [R) D BEAS ek Ak B oy B Ao A 25 0 52 o JEE 0 iy o ) L[] 52 000, 45 3 95 1) K 28 R il
I TR I 8 ) 8 T S o A A1 ) R A T 0 G 8 - AR £ 28 14 e 20 3R T VA e T A R ) 8 o e STE 18 s A )
s 30> it v B B0 i 2 AR BB SAP R A M 5L B W b T A F o AN TR el s S A S 2 RE A R AR B R R 2
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Fig.3 Effects of different auxiliaries on germination rate of pelleted sorghum seeds
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Fig. 4 Effects of different bioactive substances on germination rate of pelleted sorghum seeds
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added bactericide, M, is added bactericide: insecticide=1:1, M, is added bactericide: insecticide : plant growth regulator=1:1:1, the same below.
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Fig.5 Effect of functional material addition on germination rate of pelleted sorghum seeds

CK AN, CK, R A TS M A8 A48, MH, 38 i 0.1 %6 W BE G BE R , ML, SR VR I 0.3 %6 ¥ B9 3 2 , MIHL, ¥4 I 0.5 %0 Vi BE W TR , LS O R N &
I 0.5% B SAP, MS, R ¥R T & 5 11 1% (9 SAP, MS, U It & /i Lk 226 /9 SAP, T, CK, is bare species, CK, is no functional material added,
MH, is added 0.1% concentration alginic acid, MH, is added 0.3% concentration alginic acid, MH, is added 0.5% concentration alginic acid, MS, is
added SAP with a mass ratio of 0.5% , MS, is added SAP with a mass ratio of 1% , and MS, is added SAP with a mass ratio of 2% , the same below.

RIEEEF CK R E . b, &8 3% 9 578 MH, MS, MS, 4 vh i) & 25 R 45 CK, . CK, 34 L 3400, L MH,
Qb R A R B CKCCKL M I N T 9. 6% Fl 4. 8% s ik 8 5 i A Ab BR Y k 2F %% CK, . CK, 2 i 14,
DL MH, 4b B % 25 R e e, 58 CK, CCRG ARSI T 11, 8% F1 8. 4% 5 21 Z2F 4 MH, \MH, MH, MS, &b # ) %
AR CK, CK 2 1, DL MH, AR B 1) & 28 3 f i, 8 CKCCRL e 33 i 7 19. 7% A1 13.5% .
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2.3 REAMERDRADEMFH T HEH Y K6 AEEMEMHYRMNBRESRMFHERNM
PR A Table 6 Effects of different bioactive substances on seedling

2.3.1 A [R] A W3 R TR R B A AR S

emergence rate of brewing sorghum seed ( %)

- e S IS SRR Vil 8 amy
F 2 6 T A, AR e S I AN [ A= 908 4 1 23 52 Treatment  Jinnuoliang No. 9 Lunuo No. 8 Hongyingzi
M 55 S8 - 0 o B S O [RD R R S AE ML, ML Ak B CK 88.542.12bc  73.01.41b  68.5+2. 12¢
MY &% 2 R4 CK A T hn, Jorp, V5 k5 8 5 gl 22 v M, 87.0+2.83c 73.0+1.41b  67.5+0.7lc
% 35 28 15 CK 2 i 22 5 2 | 1 ML b BB 5 . 4 CK M, 93.0+1.4lab  88.0+£0.00a  75.5+2.12b
M, 95.0+1.41a 91.0+1.41a  84.5+0.7la

Sy HIBEINT 2. 5% F123. 4% 5 4 kG HE 9 5 AU AE M, Ab B
TR R CRIG I3 34 m 7 7.3% .

A 0 T P 0 IO R I v SR R v AR B RS (1 6) o A AR B 95 MR 845 I Mk e B TE ML AR B
HCKZERRE /B EGI T 11.0% .19. 0% o ZLEEF BBk = 75 AN [7) A= W0 05 1R ) BT Ak BT 35 %8 CK 6 m i 2%,
DA M, b B3 0 B 22, B8 3G 0 T 38, 196 5 34 il o i SR A AR K 35 4 ML AL 3R A CK B 3 B, Hovp | SR ik 9 5 1
T 18. 9% , WikE S S I T 50. 7% , LR TN T 100.5% .
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Fig. 6 Effect of bioactive substance addition on seedling plant height and root length of brewing sorghum
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49.1% .108.3% o ¥k 85 Wy Hh bR AE i A ML, ML A0 3R #4985 CK i 2 35, DA ML &b 3 3 K, 38 CKOBE i T
46. 9% , 1T AR Py AL M AR B R B8 CKOBE I b 2, 38 1 75. 1% .
2.3.2  RI[RITREAARRR IR e 5 4 1 AR K 0 5 e Hi e 7 R4 R AR i 2 R A RE WS I R T R
SEA %, AN T SRR 0 T R B R A B R SRR CK B RN, 5 CKOAR EE , & 4% 32 9 5 7 MH, \MH, &b
B B AR 2, DL MH A B R AL, 3 CKCCK MBI IN T 12, 4% (4.7 % ; ik 8 5 76 MH, AL 3 i i He 3
I 2B CK, CCR MG I T 34. 2% 7. 7% s 2L 28§78 MH, MH, MS, MS, &b ¥ i) H S 58 5.3, L MH, &b
A, 8 CK,CRL 33 m 1 40.1% .13, 6% .



5 34 B4 6 ] HOlL 24 2025 4F 79
O #s R #5445 Belowground biomass W #h - #3445 Aboveground biomass
0.6 %X 4295 Jinnuoliang No.9 057 Y585 Lunuo No.8 0.4 1 21 28-F Hongyingzi
0.5 a L
2 “ ® 0-4 . . 0.3} " g
S 04F 03k b
E‘ 0 3 ’ b b 02 [ b
2 0.2F
2 0.2 0.1F
£ 0.1t
S 0.1 0
3
g 0 0 y
| 0.1F b 0.1F b b a
- 0.1 ab
H b b ab a ab a
0.2 1 1 1 J 0.2 1 1 1 ) 0‘2 1 1 1 J
CK M, M, CK M, M, M, CK M, M, M,
AP Treatment

7 EMEEYERMMERES R EE S TAENERN I

Fig.7 Effects of addition of bioactive substances on aboveground and underground biomass of brewing sorghum
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Table 7 Effects

ol 50 v I BE A L4 S o RE A Ak e i TR T g B
PR R R, DN IACR TR 5 0 T 98 1 Ao T AR A
TN SAP A H (18 8) o A bk =i J7 1T, 34> iy Fft e e

of different functional materials on seed

emergence rate of brewing sorghum ( %)
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Fig. 8 Effect of functional material addition on seedling plant height and root length of brewing sorghum
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CK, =z 8] 25 S B 3, 88 CK, CKZM BB AN T 130. 9% .94, 2% ; ik 8 5 FN LT 281 vh B A AL BR Y 45 CK, B F 2 T),
5 CK, M I, ¥ Kk 8 5 78 MH, . MH, . MH, . MS, 4t 3 rf 8 fin % 2, L MH, 4b 3 & 46, %8 CK, . CK, 4 5 54 m 1
113.2% 41. 5% ; £L 21 MH, \MH, &b B vp 3% fin 3%, Horh MH, 203 5 CK, 2 [H] 22 5 i) 3%, 88 CK, L CK, 73 %l
BT 156. 3% .27.8% .

o A 50 v S 0 1 T BB B R 2 R i R SR M L MR AR (B 9) o 3SR AR M R M R R AR e A
CK, 41T, M5 CK M, &3 9 5 (3 B3R R 328 98 # 78 MH, MH, MS, &b 3 F & 25 840, U
MH, &b B f7 i, Hodth A 9 7 48 CK, CCKL 4 3 38 i 17 88. 5% .25. 2%, b N A= 9 = 48 CK, LCKL 43 31 38 i 17
89. 4% .35. 9% ; ik 85 iy Hhu b A= ¥y i A MIH, \MH, Ab B R (2584 i, L MHL AR B 5, 38 CK, L CK, 43 31 36 Jin
T71.9% . 17.0% R B A M) B MS, \MS, A BEAL , H A3 b 311 i 253 i, LA MIHL Ab R w5, %5 CK L CKL 3 3l 3
BT 181.4% .60. 8% 3 £ 28 (1) I 3 A= 9 4t Bk MLS, \MS, b B A, FL A b #1347 b 25 14 0, L MIHL &b 3 3 v, 48
CK,.CK, 23 3148 17 78. 2% .29. 0% , # K ¥ 4E ¥y & 76 MH, \MH, Zb BT 84 i 8 3%, L MH, 40 3 % 5 , 38 CK, .CK,
3B AN T 183.3% .36.0% .
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Fig. 9 Effect of functional material addition on aboveground and underground biomass of brewing sorghum
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