2025,38(7):101-108 FE K K K BE = T

DOI:10.16861/j.cnki.zgge.2024.0709

A EMRMRFIXS P8 N4 e S K B AR R pk E HY 22 )
EHLLHEELE ELE RLERSLHRE
EHELAHE LA O KE REE

LEE A R 22k Kb 410128 2. VL7548 AR5 5% 55 S B 7T it »
VLB B 2R o [ A SEIe % Mt 210014; 3. EE LsL s Ky 410082)

B ORTRTHEARRI R TR AR 01 A AR AT JIGT R SP100 Dy, 8 I i it AN 5] b 28 A FE 1T i
HRF, I LA ZK 8 it Ay Xt B, 23 BT 4 b R AR TR0 6 TR T A A RTAR 28 R [T 1 2, A0S 328 Hh A -1 4R &R R 1 412
R SO B S o 45 TR I, 0I5 08 JE IR G SR IR /K VA A ol B 2R AT B L 1 T = 28 8 4 PR (AR 7700 16 T &) 1 LA
JAR ZR (WA KA B R E L S T V9 RS T ik i« 2280 i SPAD B DL AR T 86 5 &, Il TR Rk
T o AR VU RS T AH SCHRBR S5 A 28T, 4 P (R AR 70 S A VR AR it P £ 5 o o R 40 300 D = 050 5 R 9
WIE 1000 mg - L' 24 FE 1R /K V8 B /i P 1000 mg - L il 55 25 76 4T 18 5 /IR 600 mg - L\ 15| T« 28 2L TR i ik
J% 80 mg- Lo 38 AK LGRS AT R, 3K 4 i AR IR G TR AR A B AR 2 i 11 02 1 2OR A e 1) 72 600 mg - L
FAAS B2 AT 1, FLVR2 1000 mg - L (B /K IR IE . 2 B TR, 600 mg - L (¥ 55 28 F0 A B % 7 I i A K AR
R L B e it

SEHEIR): VU (R AR I s AR A AR R ]

FESES:S651 XHERRESRD: A NEHE:1673-2871(2025)07-101-08

Effects of different root promoting agents on the growth and root clump-

ing formation of watermelon seedlings
MAO Guiling', YANG Zihao', CHENG Liao', YUAN Shan', ZHOU Jiale', GUO Xinyu', LI Jintao', HE

Xingi', LIU Guang’, HE Changzheng'*, DAI Sihui'”®

(1. Horticulture College, Hunan Agricultural University, Changsha 410128, Hunan, China; 2. Institute of Vegetable Crops, Jiangsu
Academy of Agricultural Sciences/Jiangsu Key Laboratory for Horticultural Crop Genetic Improvement, Nanjing 210014, Jiangsu,
China; 3. Yuelushan Laboratory, Changsha 410082, Hunan, China)

Abstract: In order to investigate the effect of root promoting agents on the rooting of plug seedling, watermelon variety
SP100 was used as the test material. Different types and concentrations of root-promoting agent were sprayed, and water
spraying was used as control. The effects of four root-promoting agents on the growth and root clumping formation of
watermelon seedlings were analyzed, with the aim of screening out the root-promoting agent and its appropriate concen-
tration beneficial to root clumping. The results showed that four root promoting agents, namely mineral source potassium
fulvic acid, amino acid water-soluble fertilizer, Bacillus subtilis and indole naphthalene acetic acid, had a good promoting
effect on the growth of watermelon seedlings and roots. They increased the plant height, stem thickness, leaf SPAD value,
and dry and flesh mass of watermelon seedlings, and accelerated the speed of root clumping. According to the comprehen-
sive analysis of relevant indexes of watermelon seedlings, the optimal concentrations of the four kinds of root promoting
agents were as follows: Mineral potassium fulvic acid of 1000 mg-L", amino acid water-soluble fertilizer of 1000 mg-L",
Bacillus subtilis of 600 mg- L', and indole naphthalene acetic acid of 80 mg- L. Through grey relational analysis, it can

be known that among these four root-promoting agents, the one with the best effect on the growth of watermelon seed-
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lings and the clustering of roots is 600 mg- L' Bacillus subtilis, followed by 1000 mg- L™ amino acid water-soluble fertil-

izer. In summary, 600 mg - L' Bacillus subtilis has the best promoting effect on the growth of watermelon seedlings and

the formation of root clumping.

Key words: Watermelon; Root promoting agent; Seedling growth; Root clumping
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Table 1 Different treatments and concentrations of root
promoting agent

(ESHIEES 4b7E

/(mg-L")

Type of root promoting agent Treatment prme
157K Xt #E Clear water control CK
U5 R KY1 250
Mineral source KY2 500

KY3 1000
R EIE Al 667
Amino acid water- A2 1000
soluble fertilizer A3 2000
LR KCl1 300
Bacillus subtilis KC2 600

KC3 1200
W T 25 2.8 Y1 40
Indole-3-acetic acid Y2 80

Y3 320
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VU Rl AE I EE 3 AR A AL B S 7 d, U
S8 Fobkm 2R R B R R K b BB
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Table 2 Effects of mineral source potassium fulvic acid on the growth of watermelon seedlings

Wb G EXil LA SPAD {& XN di s Xy SNk
Treatment Plant height/cm Stem diameter/mm  Leaves number SPAD value Plant fresh mass/g ~ Plant dry mass/g
CK 420c¢ 321b 333a 3490 b 2.38b 0.26b

KY1 457b 3.29b 339a 35.11b 246b 0.35 ab

KY2 540a 333b 344a 37.50 ab 2.79a 0.39 ab

KY3 543 a 383a 3.56a 39.06 a 287a 0.41a

o FAIAF/NG FRERIRAE 0.05 KFEREE . K 2~5 7.

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. Table 2-5 as the same below.

SPAD A £ R A B E , KY1.KY2 il KY3 &b
EM FHOT NS CK ¥R 2 7, H KY3 427
SRS I 28 AR 0 B A SPAD ) 3%
T KY1 Al CK. #HEE CK,KY1.KY2.KY3 Ab#
PG JI &0 P 1R Ak B ol 1 CF 03 ) 43 73 380 3.36%
17.23%H1 20.59% (34.62% . 50.00%F1 57.69%) . Hi
UL AT SN, 1000 mg - LA J5 5% Ji R X 7t IR 4 v A=
(A 2 28R f -

212 RAABAKBERAZHINL G EKGH
o FHER 3 AT, M EL CK, AR RN B A & L R /K

AL R PG R A K E — e e 3 ERH . AL
A2.A3 W PE RS kA R = T CK, B A2 4b
R EET ALLA3 AFE, A1 A2.A3 ACFRAIPE S
B2 AR T E A A SPAD {H ) 3 & T
CK,HE AR LR EZ R . A1.A2.A3 LbHE Y
CK fEM R #f ekt i g2 M 2R ARE. Mt
CK, A1.A2.A3 AbBE 7 T4 7 f 4 bk 06 o & (ol
) 4 B 38 N 26.89%  55.04% F1 28.99% (57.69% «
88.46%FH 61.54%) . HIM AT A1, 1000 mg- L' & HE R
K REXT PG SR 4 e A R 1 R R e B o

-103 -



X & HF 5T

hOE R

38 %

*3 EERKRIBAIEX AL KRR

Table 3 Effects of amino acid water-soluble fertilizer treatment on the growth of watermelon seedlings

pise M Ex | -3 SPAD {& AR R K S ait
Treatment Plant height/cm  Stem diameter/mm Leaves number SPAD value  Plant fresh mass/g Plant dry mass/g
CK 420¢ 321b 333a 3490b 2.38a 0.26 b

Al 5.24b 371a 3.67a 43.01a 3.02a 041a

A2 5.67a 374 a 344 a 43.13a 3.69 a 0.49a

A3 543b 3.69 a 344 a 4293 a 3.07a 042a

213 HEFRAFTALE BN W 4 KG9 RBAT

o FHER 4 AT, R EG CK A TRDR A Rl 5 2
BRI A B P &0 P I A K TR AR 3 — s R A
. KC2.KC3 &bHE VY R4 Pk &5 CK % 7
#,1M KC1 &5 CK 2% A E% ,KC2 fl KC3 4k
G bk A R R . S5 FIR, KC2.KC3 4b
T ()78 N4 P 1) 2240 it v SPAD R A4 kT &
HCK ZEZRTE HNMEHE LA ZRALE.
KC1.KC2.KC3 ZbH G JR&h il $5 CK Z /A
B, M CK,KC1.KC2.KC3 4b# 75 K 4 1 1)
AR 5T 2 T D 43 338 I 21.01% . 47.06% A1
26.47% (50.00% « 76.92% 1 69.23%) . 1 LA 41,
600 mg - L™ Aifi B 27 A B X6 78 I &J i AR K 0 12 2 3%

214 T RCBRAEMNHING G E KB IM
F 5 AIAT, A EE CK, ANFIIR BE05] T« 25 R (Y3
B A0 Kb B G T 40 v AR K I — R R E A
Y1.Y2 2BV KA Itk 5 CK Z R 5%, B
ARRE) SRR . Y2 AP R4 R E ST
CK, 1 Y1 435 CK 25 A W3, Hp b3\ 2
F5E. SHFER,Y1.Y2 A0BE K 7L
SPAD ff « & Hk IR B 5 CK 2 5 2%, (H AN b B
Z A ZERARNEZE ., M CK,Y1.Y2 A B PG R4
() A PR A ot i (5 &) 20 3G 0 12.61% 41 18.07%
(15.38%F11 34.62%) . FHILTT%1,80 mg- L' W5 T « 2%
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Table 4 Effects of Bacillus subtilis treatment on the growth of watermelon seedlings

Ab 35 EX il LA SPAD f A RREE TR AR R
Treatment Plant height/cm  Stem diameter/mm Leaves number SPAD value  Plant fresh mass/g Plant dry mass/g
CK 420c¢ 321b 333a 3490 b 2.38b 0.26 b

KC1 434 ¢ 3.43 ab 3.50a 36.25 ab 2.88 ab 039a

KC2 522a 375a 3.78 a 38.50a 3.50a 0.46 a

KC3 476 b 3.64a 3.6la 3798 a 3.01 ab 0.44 a

®S5 BT -FHIBRAEXNEMLEE KRG

Table 5 Effects of indole naphthalene acetic acid treatment on the growth of watermelon seedlings

yusi) 351 Exi| R SPAD AR T Bk
Treatment Plant height/cm  Stem diameter/mm Leaves number SPAD value Plant fresh mass/g Plant dry mass/g
CK 420c¢ 321b 333a 3490 b 2.38b 0.26b
Y1 5.01b 3.30b 355a 3539a 2.68a 0.30 ab
Y2 545a 348a 378 a 36.05a 2.8la 035a
Y3 — — — — — —

T 730K Y3 AR ERVG RA AR T, TR, LU AT AN 1R AL EE

Note: “—” indicate all the watermelon seedlings treated with Y3 died. There is no data available. This treatment will not be discussed in the fol-

lowing analysis.

2.2 BRI QLIRS 8 S & AR 2R Ak E B F2 0
2% 6 Al %0, KY1.KY2.KY3 43 75 /R4 R
ffii 5 CK A 2% %7, # KY2 5 KY3 Z 57
A HE KY1 %k 28 % 2 7K. KY3 &
HARG R TRES CK Z257 83,10 KY1.
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Table 6 Effects of root promoting agents treatment on root cluster formation of watermelon seedlings

PEAR T VLl HREF R R B BRI R A 2115 40 Root cluster formation
Root promoting agents Treatment Root fresh Root dry Maximum root
mass/g mass/g length/cm 7d 14d 21d
YR S R CK 021c¢ 0.02b 11.33d V0% Level four =2 Level three 2% Level two
Mineral source potassium gy | 0.26b 0.03 ab 1278 ¢ =% Level three %% Level two ~ —% Level one
fulvic acid KY2 034a 0.03 ab 13.88 b % Leveltwo  —% Levelone ~ —%{ Level one
KY3 037a 0.04 a 15.10a % Level two  —% Levelone ~ —%{ Level one
RN CK 0.21¢ 0.02b 1133 ¢ VY% Level four =% Level three 2 Level two
Amino acid water- Al 0.30 be 0.03 ab 12.40 b “# Leveltwo % Levelone % Level one
soluble fertilizer A2 0.34a 0.04 a 1422 a % Level two  —% Levelone ~ —%{ Level one
A3 0.26 be 0.03 ab 12.89b % Level two  —% Levelone  —%{ Level one
B 2 T AT B CK 0.21b 0.02b 11.33b V0% Level four =2 Level three 2 Level two
Bacillus subtilis KC1 0.29a 0.03 ab 13.45b %% Level two -2 Level one -2 Level one
KC2 0.36a 0.04 a 18.11a % Level two  —% Levelone  —% Level one
KC3 035a 0.04 a 17.07 a % Level two  —% Levelone  —% Level one
BT 2k LR CK 0.21¢ 0.02a 11.33b V0% Level four =2 Level three 2 Level two
Indole-3-acetic acid Yl 0.28b 0.03 2 11.95 ab =% Level three  —%% Level two ~ —%% Level one
Y2 0.33a 0.03 a 1228 a =% Level three % Leveltwo  —%{ Level one

T« [R50 B 5 A [ /NS 7 RER A FRMRAR A [ R 2 A B 2 ) 22 7 2 3%

Note: Different lowercase letters after the data in the same column indicate significant difference between different concentrations treatment of

the same root promoting agent.

HECK ZRARE. LE A1LA2 A3 AR K
5 CK ZR 5%, 00 A2 5 A1.A3 2R T ¥, Al
5 A3 ERARE,

KC1.KC2.KC3 43 ph N4 e AR i i & 5 CK
g, FAE R ERALE. KC2.KC3 &
HPARYHMRTHES CK 2R 5% ,HKCl 5
CK LRZEZER, SER ZRYALE . KC2.
KC3 MBI R4 i KARK 5 CK Z R W3, B
KC1 5 CK. 4b# KC2 FI KC3 R FHER. Y.
Y2 bR P R4 AR A RS CK 22 7 R %, bR
] 22 ik B K. Y1ILVY2 ACHE 75 R4 AR T
S CK ZRrBHARE. B Y2 5 CKAERK
WMEKGTMEREE, A Y15 CK ZRAEE, W
WP B ZERARE .

BN AR T NS AR R R HEAE 21 d 3318 3] —
K T IR g, Hr T IR O R R B A PR
KY2.KY3 {7 R4 7E 14 d BHAR R A 3] — 2
KT KY1 7E 21 d B 2 A 4 g ik 31— 20K
V-, G TR 7KV IS 0 2 AT B A 2 %) 7 R &) B
BITE 14 d BPAR F B AR B — ZOKF i T <25 2
TR A T ) T T4 BT I 7E 21 d IR R R Ak 31—
HAK-

2.3 ERFIACIESS P N ShE it i e RIS
F B T AT, 25 AR 7R AL 3 A 78 JTCH: B 6 4

(Y1 &# BRI ¥ mT CK. #L CK, Er‘i)?%ﬁﬁ?*@?z
BRALFE (KY 1 KY2.KY3) [ 78 JTOH: B 85000 il $2
23.45%.18.13%F1 46. 77%,%9%&%&58&@@1 .
A2 A3 BT JICH: B 48 2050 il 42 =1 41.85%+57.72%
1 35.88% , ik HL 25 FO AT B Ab B (KC1.KC2.KC3) 1
78TO B F5 5023 A3 7 50.57%63.95%F1 67.70%,
W) T« 28 2 /R Ab HE Y2 A U TCOH: B fE BUIR A
11.81%, 11 Y1 BT 0.70%.
2.4 FREMBMRFIIEEHI 7R B REE ST

AN [ER AR R AL B 78 R4 i Lk 4 10 AR K
FRPRBEAT A0 RIS M, A — TR de A A e —
NS T, PRk B i /M, AR bR IE B K
He BMEFEEZH T BB 2, Nz 2
X PG IS (e A2 R . FEARAN K B R BR R
A XBAT TR AT, Je X A A B R R 10 A
FabR AT TE AN A AR B, DT B H % b B 5 5 3% 4k
PRI KB R R A, WA 7. MR CEE A A
2, A DUAE H 18 I %)) 1 A A B R K (DG BRSO
rCK=0.535 4, rKY1=0.550 8, 7KY2=0.583 0, 7KY3=
0.737 9, rA1=0.665 4, rA2=0.795 0, rA3=0.641 1,
rKC1=0.638 8, rKC2=0.839 9, /KC3=0.792 3, rY1=
0.473 0,7rY2=0.529 0, & 4bF OB HF 77 o KC2>
A2>KC3>KY3>A1>A3>KC1>KY2>KY 1>CK>Y2>
Y1. BRI %, M E CK, 600 mg- L A4S B 2F f T
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Table 7 Selection of different processing indicators and construction of reference data for measurement values

ES

H AR NG FRERIRTE 0.05 K225 % .
Note: Different lowercase letters indicate significant differences at 0.05 level.

Bl 1 {RARFIAIER A 4 E it E e AR

Fig. 1 Effect of root promoting agents treatment on the strong seedling index of watermelon seedlings

7 FELBIEFERENEESE RIEOWE

S \ BT Ak R A ROCHEK: AT
wa PR s QI SPAD N EE Re BE Matem Sem 7
Treatment height/em diameter/ of leaves  value fresh Plant fresh  dry Plant root §eedling Rank
mm mass/g  mass/g mass/g  dry mass/g length/cm index
CK 4.20 3.21 3.33 34.90 0.21 2.38 0.02 0.26 11.33 0.23 0.5354 10
KY1 5.43 3.69 3.39 35.11 0.26 2.46 0.03 0.35 12.78 0.28 0.550 8 9
KY2 5.40 3.33 3.44 37.50 0.34 2.79 0.03 0.39 13.88 0.27 0.583 0 8
KY3 5.43 3.83 3.56 39.06 0.37 2.87 0.04 0.41 15.10 0.34 0.7379 4
Al 5.24 3.71 3.67 43.01 0.30 3.02 0.03 0.41 12.40 0.32 0.665 4 5
A2 5.67 3.74 3.44 43.13 0.34 3.69 0.04 0.49 14.22 0.36 0.7950 2
A3 5.43 3.69 3.44 42.93 0.26 3.07 0.03 0.42 12.89 0.31 0.641 1 6
KCl1 4.34 3.43 3.50 36.25 0.29 2.88 0.03 0.39 13.45 0.35 0.638 8 7
KC2 5.22 3.75 3.78 38.50 0.36 3.50 0.04 0.46 18.11 0.38 0.8399 1
KC3 4.76 3.64 3.61 37.98 0.35 3.01 0.04 0.44 17.07 0.39 0.7923 3
Y1 5.01 3.30 3.55 35.39 0.28 2.68 0.03 0.30 11.95 0.23 04730 12
Y2 5.45 3.48 3.78 36.05 0.33 2.81 0.03 0.35 12.28 0.26 0.5290 11
T 4.20 3.83 3.78 43.13 0.37 3.69 0.04 0.49 18.11 0.39

(KC2) 1000 mg - L' [ & % B2 /K %5 A (A2) FI
1000 mg - L™ [0 V5 25 J&§ B 4 (K Y 3) S A F1 - 78 I
YIETHIAEK

3 Wi E4R

B U B R A R L R R SRR A R
B, fete 5 E P R B IS E R UR A A, Y
JRER W) AKX EE TR 3 T2 By R AR AL, AN T i
REMR AR FEAHT FT R, Tt A R BE R Yt
S IR 0N i R v 224 A SPAD LA
LT B 5 B S A AR AR AT A [RRE B R G 5 3
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