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Effects of different substrate ratios on the growth, yield and quality of

mini watermelon in greenhouse

WEI Zhangjing', ZHANG Yuexing', CHENG Shixiao', ZHANG Ruiging', WU Yue’, ZHANG Yong',
MA Jianxiang', ZHANG Xian', LI Hao'

(1. College of Horticulture, Northwest A&F University, Yangling 712100, Shaanxi, China; 2. Facility Agriculture Development Center
of Pucheng County, Pucheng 715500, Shaanxi, China)

Abstract: To overcome the continuous cropping obstacles in greenhouse watermelon cultivation, reduce the cost of sub-
strate culture, and realize the resource utilization of agricultural waste, the mini watermelon Suxiaobao 2K-1 was used as
the test material. A substrate trough cultivation system was adopted to compare the cultivation effects of field soil, three
single substrates, and six compound substrates. Plant agronomic traits, fruit yield, quality, and related cost-benifit indica-
tors were measured to comprehensively evaluate the effects of different substrate ratios on greenhouse watermelon. The
results showed that the single substrate (peanut shell and Shanqing substrate), and the compound substrate mixed with
Shanqing substrate, mushroom residue, and chicken manure in a volume ratio of 75: 15: 10, promoted plant growth.
Among these, the peanut shell treatment achieved the best single fruit mass among different substrate treatment (1.55 kg),
yield(51.56 t-hm™), plant survival rate(100%), and significantly higher content of central soluble solids, and lycopene in
the fruit compared to the field soil treatment. The Shanqing substrate treatment had a lycopene content second only to that
of the peanut shell treatment, with no significant difference in other indicators compared to the peanut shell treatment. The
treatment with Shanqing substrate, mushroom residue, and chicken manure mixed at a volume ratio of 75:15:10 had the
highest fruit vitamin C content, with a cultivation cost per plant of only 3.00 yuan, which was 6.67% lower than that of
the peanut shell and Shanqing substrate treatments. In conclusion, peanut shell substrate is the preferred choice for

high-yield and high-quality cultivation of greenhouse mini-watermelon, followed by Shanqing substrate. The compound
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mixture of Shanqing substrate, mushroom residue, and chicken manure (75! 15: 10) can reduce production cost while

maintaining cultivation benefit. This compound substrate can overcome the continuous cropping obstacles of greenhouse

watermelon, and provide technical support for the green cultivation of greenhouse watermelon.

Key words: Watermelon; Substrate ratio; Growth; Yield; Quality
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20 cm 5% 40 cm FRRURS T 22 Al , 43 A 5 SR [) B
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1.3 MZEERSHE

131 AJRACh 50 B BN E AR A
H LR R K AL R E 3l LB AT UK EE

x1 AEERELEER

Table 1 Different substrate ratio schemes
Kb 38 Treatment HEJiT Substrate PEFALL Volume ratio
CK [7el -+- Garden soil 100
Tl B# £ 7 Shanging substrate 100
T2 16E 5% Peanut shells 100
T3 B 5/ 5% Barthworm castings 100
T4 ] 3% R 75V Earthworm castings : Mushroom residue 75:25
T5 ] 36 R 75V Earthworm castings: Mushroom residue 50:50
T6 e 75 J1 0 - 8 7 S £ X9 3% Shanging substrate : Mushroom residue : Chicken manure 75:15:10
T7 [ 75 35 7 < B 459 1 X8 3% Shanging substrate : Mushroom residue : Chicken manure 50:40:10
T8 6470 DR 15 536 Peanut shells: Mushroom residue : Chicken manure 75:15:10
T9 6470 BRI L 53¢ Peanut shells: Mushroom residue : Chicken manure 50:40:10

SR L. BN VIR S, TR
BN WO, R E AR R () B RN AR R G, AT
JRRIGF S 5RO, BRI ESN W R a0
pAn B, AR & VR R TN K IR 24 h, K
HELH U 20 A, RO E Y w2, R AR
FA 20 A B4 BB K 4 h, LN AR E AN
W3. AR

RE=WI-WO/V;

RALBR /% = (W2-W1)/Vx100;

FRKFLBR FE /% = (W3-W1)/Vx100;

A FLERIE /%= (W2-W3)/V%100;

KL =8 S ALBR A KFLBR B .

HE oA 2 M U 8 FE AR L FE pH AT EC . %
H AR XTI 2L T 5 28 TR KF AR AL 105 WA N
PEIRF R 30 min, &% 56 B 55 B 15 min, HJE
ek JEH EIEW, BANEEC T 3 IREE .
s FH 4% 2 pH THAT L T 2840 52 F pH A1 EC fH.
132 HHRZHR EHEE 15U &8 6
D&, W52 T bm A e R SR 2O o 4, 10 d
Ja GFAEAL SR B I & 1k, BN 5 Pk, I
H10d WIEKE,BCFME. REKEHERN
TE 5 N ZE I AL S A K s 2R A
Ebm A= ROEAT I &, DB R AL U 28 Oy ZE 30 5
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T b BEAZ A6 b 1R B /IMEL, O, BB 1) 51 & oR 2K
18 AB AR AR B S it SRR

TRI6 H A 13 ] Excel 2019 #E47 403 , /8 ] Ori-
gin 2021 #| &, 5% Fi} IBM SPSS Statistics 24.0 # 1T
e it M1, K F Duncan i 8 A 22 15 3047 4b L [H) 22
S AT AT

2 RS0

2.1 A[EERECEE XS B FRIR A B S A0
M1 2 "I, & A B A A T 021~

0.72 g-em”, HA, T2 FEHFK, 7 0.21 g-em?, T3 %
HigE, 8072 g em”, BMKT CK 1 1.05 g-cm™.
MFLBRETE 46%~63%, LA T2 i, T9 5%, ¥ & T
CK 1 36%. FF/KFLERBEELE 43%~57%, T2 K I &
e, T3 Al T4 K, 38T CK. @S AR 71, T7
B N 9%, T9 1A%, N 2%. /K ELFE 0.06~0.20, H:
H TS5 fxerm N 0.20, T9 B AK, 4 0.06. FEJ5T pH /T
6.82~7.45, J& R VSR T1 1) pH 51K, T9 fix & » I
T CK 1 7.97. EC{HRMIEFTER MR GL, T6 i » ik
2.32mS-em’, T9 HAK, A 1.13 mS-em ™, )57 CK.

F2 AEERMELTEREBLME RN
Table 2 Effects of different substrate proportions on physicochemical properties
e A . SE{NdEs %ﬂ@LKﬁ%‘IE @%fLﬁfﬁfE ﬁ7J< L EC/
Treatment Bulk dinsny/ Total . Water.—holdmg Aeratfon Alr'—water pH (mS-em™
(g-em™ porosity/% porosity/% porosity/% ratio
CK 1.05 36 30 6 0.19 7.97 0.79
Tl 0.33 58 54 4 0.08 6.82 1.83
T2 0.21 63 57 6 0.11 6.90 1.28
T3 0.72 50 43 7 0.16 7.24 2.17
T4 0.68 49 43 6 0.15 7.38 1.70
T5 0.61 52 44 8 0.20 7.44 1.95
T6 0.46 53 49 3 0.07 7.06 2.32
T7 0.44 55 46 9 0.19 7.37 1.72
T8 0.34 59 55 4 0.07 7.38 1.40
T9 0.32 46 45 2 0.06 7.45 1.13

2.2 FRIERECEEX AR Z R0

221 FRARBSHNEERZOR M B
1A, (R &, Te KRB R, B& ™ T CK.
T2.T4.T5.T7.T8 A ¥, 5 T1.T3.T9 4P G . &
ZEFt. NI RIE, T6 £ & KEJIFR I &

— i} & 1 Vine elongation stage

f£,5 T4.T5.T7. T8 MHLLAH &&= 7, 5 H A% 4k
A ZERARE, N10dBEKERE,T6 K
WK, BEET T7.79 kb, 5 H Al 4B EL i TE
BEER. CRERE,T6 {EME I JF 16 AL 1 K
10d K& ERIRIF, T1T3 £% 7710 5 T6

180 ™ = 37 g e 5t ] Flowering and fruit setting stage
| =710 d #4 K i 10-day growth amount
160 abc a
T abc
140 — i a_I_b ‘a%c be { be abc
& b R SR
S 120 AIE
=
)
S F oof ol a
® 2 b | lab | 1@ | | [ab | b b |
£ 80 = = | B = =] b
J = 2
; £ be % ab b b % a g2 ab) Z
< - t
S 60 C abc| c be c c
40 —
20 —
0 1 1 L i i L i
CK T1 T2 T3 T4 TS T6 T7 T8 T9

Kb #E Treatment
VEAR/NG FRERIRTE 0.05 K FEREE. TH.

Note: Different lowercase letters indicate significant difference at 0.05 level. The same below.

&1

ARIEREEE X AN EEKENF M

Fig. 1 Effects of different substrate ratios on main vine length of watermelon
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2.3 AREEREEEX P NREH SR =2/
23.1 ARAFRBAEHNREF SR HEK3

10 = = {#1 & # Vine elongation stage
P AE AL I Flowering and fruit setting stage
” =310 d # K& 10-day growth amount
8~ a b ab
— ab at b

£ c B — 7 N
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2 6 % .ab a a a
15} ab ab ab
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g sh 1 A =
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S 4t
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2 3L
B a | N a :
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Fig. 2 Effects of different substrate ratios on stem diameter of watermelon

30 o E # Vine elongation stage
=IFAE AL B Flowering and fruit setting stage
5310 d ¥4 & 10-day growth amount
25
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S
a 15
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Fig. 3 Effects of different substrate ratios on leaf number of watermelon

A, RSERR AR T, T2 {H K, 1B %) 13.18 cm, H
RO CK M T, = 2 MG % % 5%, T4 fHH /),
N 11.27 em, W E AR T Bk T3.T5 Fhp) H A AL 2 .
KLY BN EH SRR RBUEE, Hd T2 X
KT CK,CK>T2>Tl, = #F 2 M ZF AR, T4 14

/N BRE T3 TS AR Z2 5 AN B AL, 5 A Ab 2
PUFAE R B 225 ERIEAREUT I, CK AEACK, B CK
A o oAl A Ak B R) 22 AN 2, HABUE 2 7 B0
FERZFE L, T4 BRI E L 555 09 0.48 cm, M
T7 B 5R B J5 B e, O 0.40 om, P 3 2 ) 22 5 f
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232 ARIARBEILSHNREZZR"H H
4 AN, AR 2 7 T, T2 AR B B = oA
1.55 kg, VX F CK ) 1.58 kg, H: ¥k~ T1 1 Te,
CK.T2.T1 Z5 A RE. MELHEIGRM, T2 1

BTG e A E] T 100%, Hr= g5k, 4 51.56 thm?,
BT CK, HkoN T1 A T6, CKLT2 A T1 2 8] &
EES, B AHE R RN KRN T2>CK>T1>
T6>T8>T3>T7>T4>T9>T5.

R4 TEIERE L2080

*3 TRIEFECEE X A S E AR e f2 0

Table 3 Effects of different substrate ratios on morphological indicators of watermelon

b Rsst RIPfE RIBARH B JEE
Treatment Fruit transverse diameter/cm Fruit longitudinal diameter/cm Fruit shape index Rind thickness/cm
CK 13.02+0.40 ab 17.96+0.75 a 1.38+0.03 a 0.46+0.01 ab
T1 12.79+0.32 abe 17.07+0.55 abc 1.33+0.01 ab 0.45+0.01 ab
T2 13.18+0.14 a 17.29+0.36 ab 1.31£0.02 b 0.42+0.07 ab
T3 11.8140.15 ef 15.49+0.18 ef 1.31+0.02 b 0.45+0.01 ab
T4 11.27+£0.21 £ 14.81+0.29 1.31+0.01 b 0.48+0.02 a
TS 11.8140.35 ef 15.48+0.70 ef 1.31+0.02 b 0.43+0.01 ab
T6 12.54+0.20 bed 16.44+0.25 bed 1.34+0.03 ab 0.45+0.03 ab
T7 11.92+0.49 ¢ 16.21+0.61 cde 1.36+0.02 ab 0.40+0.05 b
T8 12.3140.32 cde 16.07+0.74 bede 1.33+0.09 ab 0.44+0.01 ab
T9 12.10+0.07 de 15.95+0.24 de 1.3240.02 b 0.45+0.03 ab

T F A G ARG T REORAE 0.05 K P EREFH . TH.

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.

Table 4 Effects of different substrate ratios on yield of

watermelon

ALAE j?nfgl{cﬁrilon Zifiil FE%
Treatment mass/ke rate/% Yield/(t-hm™)
CK 1.58+0.18 a 97.62+3.37 a 51.41+6.86 a
T1 1.46+0.14 ab 94.74+7.44 ab 46.48+7.85 ab
T2 1.55+0.03 a 100.00+0.00 a 51.56+1.03 a
T3 1.15+£0.07 cd 88.19+4.28 be 33.79+1.82 de
T4 0.93+0.04 ¢ 95.54+3.18 ab 29.68+1.25 de
TS 1.06+0.13 de 74.85+6.33 d 26.42+321 e
T6 1.33+0.03 be 93.12+1.34 ab 41.3440.73 be
T7 1.1540.13 cd 79.68+2.04 cd 30.64+4.07 de
T8 1.21£0.01 cd 86.36+2.20 be 34.84+1.05 cd
T9 1.13+£0.03 d 72.48+2.71d 27.41+£1.77 de

2.4 AN[E)EFREC L X 7 IR SEfa BRI F20

24.1

) AR B 3 0 N R 2 ST A B A A

TWHeh  HE S5 AL T2 Bd el EPEE RS
s, N 13.14%, H k9 T6. T3 1 T1, 5 T2 #
bR #EHER, WET CK. AEnlE i Emm &
EAAES S ROME, T2 &&, BE& & T CK,
T2>T6>T3>T1, WH Z AR E £ R . EHiLZET;
I, T8 FIAF , N 022 H 4 i, BET T5,
5HADEML T R E EZR .

242 R A RB L AT GN R E H e A A A R A
FHRR K6 WL 4R CHETIN,T6
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Table 5 Effects of different substrate ratios on soluble

solids content of watermelon

w(HtLH] wCE ) il 7

b WEE T TEIEREDE)D Central-edge

Treatment  Central soluble  Edge soluble difference/F 73 s
solids content/%  solids content/%  Percentage point

CK 12.21+0.20 b 11.85+£0.16 b 0.36+0.04 ab

T1 12.55+0.12 ab 12.2140.13 ab 0.35+0.01 ab

T2 13.14+0.27 a 12.76+0.17 a 0.38+0.10 ab

T3 12.63+0.09 ab 12.2240.12 ab 0.41+0.02 ab

T4 12.45+0.25 b 12.00+£0.28 b 0.45+0.10 ab

TS 12.27+0.14 b 11.70+0.08 b 0.57+£0.07 a

T6 12.65+0.10 ab 12.28+40.15 ab 0.37+0.17 ab

T7 12.234+0.20 b 11.894+0.22 b 0.34+0.03 ab

T8 10.69+0.68 ¢ 10.474+0.80 ¢ 0.22+0.17 b

T9 12.28+0.10 b 11.984+0.22 b 0.30+0.14 b

N 4.23 mg-100 g, &3 m T AL B, kO T2,
TI.T3.T4, ¥ B & & T CK. ErEM SRS RN
1, T2 A, N 9.81 g-100 g, & m T TS5, 5 HAth
AEERAHLL 22 AN . TEIR R BE S BT, T6 & &
e, REmT 77, 5HAM ML LR E %R .
RS A B, T1 &, N 0.52 g-100 g,
T4 A1 T9 & EALT T1, Hih ¥ 5 T1 Z 75 AR
#. TEENRR S &7, CK & & i, H A A3
DEMT CK. HEFMARSGEIM, T2 &
N 9.55 mg-100 g, i 3 i T At AL 2R
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Table 6 Effects of different substrate ratios on fruit quality of watermelon

ah w(é’ﬁi? ) (UGIREFSY D) w(iﬁ?*ﬂ) w(ﬁiﬁ'fi%[%l) w(ﬁfﬂﬁ@ wCEARALE)
Treatment Vitamin C content/  Total soluble sugar Reducing sugar Soluble protein Organic acid Lycopene
(mg-100 g") content/(g-100 g')  content/(g-100 g')  content/(g-100 g") content/% content/(mg-100 g")

CK 3.34+0.06 ¢ 8.97+0.20 ab 7.75+0.01 ab 0.38+0.05 abc 0.05+0.00 a 8.53+0.20 b
Tl 3.98+0.06 b 9.53+0.56 ab 8.04+1.33 ab 0.52+0.03 a 0.04+0.00 be 8.55+£0.50 b
T2 4.01+0.03 b 9.81+0.79 a 7.47+0.27 ab 0.44+0.14 abc 0.04+0.00 bc 9.55+0.39 a
T3 3.9840.07 b 8.92+0.56 ab 8.38+0.02 a 0.47+0.08 ab 0.04+0.00 be 8.38+£0.52 b
T4 3.8240.17 b 9.15+0.74 ab 8.28+0.54 ab 0.33+0.05 be 0.04+0.00 be 8.29+0.62 be
T5 3.2840.09 ¢ 8.46+0.23 b 6.93£1.04 ab 0.43+0.02 abc 0.03+0.00 d 7.68+0.27 be
T6 4.23+0.09 a 8.9440.62 ab 8.48+0.23 a 0.45+0.04 abc 0.04+0.00 be 8.43+£0.31b
T7 3.39+0.02 ¢ 9.14+0.29 ab 6.70£0.58 b 0.44+0.02 abc 0.04+0.00 be 8.18+0.12 be
T8 3474023 ¢ 8.70+0.49 ab 8.41+0.63 a 0.45+0.07 abe 0.04+0.00 be 7.77+0.46 be
T9 3.3840.01 ¢ 9.04+0.11 ab 7.91+0.93 ab 0.31+0.07 ¢ 0.04+0.00 be 7.42+0.08 ¢

243 TR ARBLAS EHINEE S SRS ELE
B AL R LZ A0 oh T P& W e AR
V) 22 S 50K, DL ASE FH SJE 8 o 25002 0F 4% ot Jo 41 b gk
ITLRE VAL IR T, s Rk 7 P, & A3 A
F 45 BN T2>T1>T6>T3>T4>T8>T7>CK>T5>T9,
Hort T2 T1 M1 T6 1ELR& S @ ph BUE 22 R B,

WIPE 4 UL L, B B AR T HoAth 5 Ab B
2.5 AREIERE ISR A

H 3 8 AT, T3 Ab B A & i » (H 7= 2 5 i
YIRIEBAAKT o T2 7577 & A5 35 R B &
I, B A N 3.20 JC. T1 A= IR,
H A [E N 3.20 J6. T7T9 B bk A BAR, Jy
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Table 7 Effects of different substrate ratios on membership function values and comprehensive scores of each fruit quality

indicator of watermelon

F )8 PR HUE Membership function value

g Im R AUE

Lt Y C o MRS R AL S TR E O S R AR SR FA KSR Comprehensive  HH/T
Treatment . ) Total soluble Soluble reducing  Soluble protein  Organic Lycopene membership Rank
Vitamin C content . .
sugar content sugar content content acid content content function value
CK 0.06 0.38 0.59 0.32 0.00 0.52 1.88 8
T1 0.74 0.79 0.75 1.00 0.43 0.53 4.25 2
T2 0.77 1.00 0.44 0.63 0.52 1.00 4.36 1
T3 0.74 0.34 0.94 0.76 0.71 0.45 3.94 4
T4 0.57 0.51 0.89 0.10 0.34 0.41 2.81 5
T5 0.00 0.00 0.13 0.59 1.00 0.12 1.84 9
T6 1.00 0.35 1.00 0.68 0.58 0.47 4.09 3
T7 0.12 0.50 0.00 0.63 0.39 0.35 1.99 7
T8 0.20 0.17 0.96 0.68 0.43 0.16 2.61 6
T9 0.11 0.43 0.68 0.00 0.57 0.00 1.79 10

®8 TREIERELLHIERA

Table 8 Cultivation costs

of different substrate ratios

WO HE ) AL BB A
Treatment  Substrate Volume ratio Cost per plant/Yuan
Tl [ 355 Shanqing substrate 100 3.20

T2 16E 5% Peanut shells 100 3.20

T3 5] 3% Earthworm castings 100 4.00

T4 e 3 © R 45V Earthworm castings: Mushroom residue 75:25 3.06

T5 W] 3% © R 75V Earthworm castings: Mushroom residue 50:50 2.12

T6 [ 7535 7 - B 4593 - X8 2% Shanging substrate . Mushroom residue: Chicken manure 75:15:10 3.00

T7 [ 5 L o B 1 A X9 3% Shanging substrate ! Mushroom residue: Chicken manure 50:40:10 2.26

T8 625 78 DB 75V D19 3% Peanut shells: Mushroom residue: Chicken manure 75:15:10 3.00

T9 A 70 LR GE  X9 2% Peanut shells: Mushroom residue: Chicken manure 50:40:10 2.26
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