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Effects of nutrient solution electrical conductivity (EC) and drip irriga-
tion frequency on growth and quality of watermelon grown in coco coir

substrate in solar greenhouse
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Abstract: [Objective] The study aimed to explore a kind of optimal supply mode of nutrient solution
and provide a guidance basis for high efficiency and standardized management of the nutrient supple-
ment for watermelon plants grown in coconut-coir substrate through investigating the effects of nutrient
solution electrical conductivity (EC) and drip irrigation frequency on plant growth and fruit weight and
quality. [Methods] The experiments were designed with 4 EC levels (E,, E,, Es, and E, representing the
EC of nutrient solution at 0.15, 0.25, 0.35 and 0.45 mS - cm’', respectively) and 2 irrigation rate levels
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(R, and R; representing the irrigation rate of nutrient solution at 2 times-d"' and 4 times - d”', respective-
ly), complete stochastic region design of two factors was applied with 8 groups of treatment. The regula-
tion of EC values of each treatment level was realized by diluting the A and B mother liquor. Because of
the difference of the plant growth and the weather, average daily irrigation volume for each plant was
controlled within 0.8-1.5 L, which was divided into several equal parts according to the irrigation rates.
And the nutrient solution was applied at the following times: R, at 8:30 and 14:30, R2 at 8:30, 11:30, 14:
30 and 17:30. [Results] The different EC values of nutrient solution and drip irrigation frequency sig-
nificantly affected the growth of watermelon plants and the formation of fruit yield and quality in the
greenhouse. With the increase of EC value of nutrient solution, the shoot growth performance (includ-
ing plant height, stem diameter, leaf area), and root morphology (including total length, surface area,
volume and diameter of root), and the plant biomass of the watermelon during vegetative growth period
increased first and then decreased. The low irrigation frequency (2 times - d') significantly increased the
stem diameter, leaf area and root morphological parameters of watermelon plants at the rosette stage,
promoting the improvement of root-shoot ratio, 26.52% higher than that of the high irrigation frequency
(4 times - d'"), which was conducive to the cultivation of strong seedlings. In addition, compared with
the low irrigation frequency, the high irrigation frequency significantly increased the plant height of wa-
termelon in vine elongating stage by 6.75%, and obviously increased the stem diameter, total root sur-
face area and root volume and biomass of watermelon in fruit setting stage by 5.29%, 13.33%, 10.90%,
7.71%, 11.26%, and 7.19%, respectively. At the same time, the interaction of the nutrient solution EC
value and drip irrigation frequency on watermelon plant height reached a significant level (p<<0.05),
and the comprehensive effect of the E;R; combination was the highest, which was 2.94 cm 24.53 cm
and 154.86 cm at the rosette stage, vine elongating stage and fruit setting stage, respectively. Further-
more, at rosette stage and/or fruit setting stage, this interaction on stem diameter, total root length, root
surface area, root-shoot ratio and biomassreached extremely significant level (p<<0.01), and the E.R,
was the optimum combination. In the formation stage of fruit yield and quality, with the increase of EC
value, the fruit weight and organic acid of watermelon respectively decreased from 2.49 kg and 0.67%
to 1.96 kg and 0.58%, while the soluble solids, soluble sugar and sugar/ acid ratio respectively in-
creased from 10.07%, 5.89% and 8.87 to 10.39%, 6.47% and 11.19%. Meanwhile, compared with the
high irrigation frequency, the low irrigation frequency significantly reduced the fruit weight and organic
acid by 6.41% and 11.94, and significantly increased the soluble solids, soluble sugar and sugar/ acid ra-
tio by 2.08%, 6.20% and 11.94%, respectively. Therefore, the low irrigation frequency was beneficial to
improving the fruit quality, and the high irrigation frequency was beneficial to increasing the fruit yield.
In addition, the interaction of experimental factors only had an extremely significant effect on the fruit
weight (p<0.01), and the treatment of E;R, and E.R, had the largest fruit weight, which were 2.52 kg
and 2.65 kg, respectively. In the different combinations, the fruit quality of E.,R; treatment was opti-
mum, including the lowest organic acid content, which was 0.55%, and the highest soluble solids, solu-
ble sugar and sugar/acid ratio, which were 10.62%, 6.73% and 12.18%, respectively. [Conclusion] In
the condition of greenhouse cultivation, the combinations of 0.25 mS-c¢m™ EC and 2 times - d™' irrigation
rate during rosette stage, 0.25 mS - ¢cm™' EC and 4 times - d'' irrigation rate during vine stage, 0.15-
0.25 mS-cm™ EC and 4 times - d"' irrigation rate during fruit swelling stage, and 0.45 mS -cm™ EC and
2 times - d"' irrigation rate during maturation stage, would ensure the watermelon plants grown in coco-
nut-coir substrate to grow well and produce quality fruits with high yield.
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Table1 Component of standard nutrient solution

A Mother liquor A B % Mother liquor B
AR JiEE iaesvvil Ji
Chemicalagent Mass/g Chemicalagent Mass/g
Ca(NOs),4H,O 944 KNO; 604.00
KNO; 79 KH.PO, 170.00
NH.NO; 40 MgSO.-7H,O 339.00
Fe-EDTA(13.1%) 7 MnSO,-4H.O 1.70
ZnS0,- TH,O 1.45
Na,B.0,- 10H,O 2.45
CuS0;-5H.0 0.19
Na,MoO,-2H,0 0.12

T AB BGTUARAE IS RHEES N 10 L 7K.
Note: Add 10 L water to each tank after the A and B liquid reagents

are weighted.

1.2 RIGAE

A6 A I o T T Rk L SR B R
EC {8 5 BEBL A2 1 IR 2= 52 B LI U o KR S B
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2 AEBEA KT (R 2 R o d ' Ry 4 K od™) , FE 8 A
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Table 2 Effect of different EC and irrigation rates of nutrient solution on plant morphology during different periods

Pk Plant height/cm

124 Stem diameter/mm

I-THI X Leaf area/cm®

pu Eil2 St A LI IR EERY A LI i R 3 B Ak Jig 2R 3]
Treatment Rosette Fruit setting ~ Fruit swell-  Rosette Fruit setting  Fruit swell-  Rosette Fruit setting  Fruit swell-
stage 15d  stage30d ing45d stage 15d stage 30 d ing45d stage 15d stage30d ing45d
EC{H EC values
E, 3.05a 22.33 ¢ 14554 a 722 a 747 a 10.25 ¢ 68.25b 134.45a 159.98 b
E, 3.06a 25.64 a 150.18 a 721a 7.46 a 10.77b 73.70 a 135.70 a 178.55 a
E; 2.65b 25.13 ab 146.88 a 6.99 b 7.28b 11.00 a 74.13 a 124.44 b 158.67 b
E. 2.73b 23.67 bc 14552 a 6.83 b 7.19b 10.64 b 70.45b 117.37b 13290 ¢
H_HIL%:‘K‘IZ Significance ok sk ns ek sk ok sk sk ok
THESTIZ Trrigation rates
R, 2.80a 23.40b 148.29 a 720 a 7.36a 10.39b 7435 a 125.83 a 160.38 a
R, 294 a 2498 a 145.78 a 6.93b 733a 10.94 a 68.91b 130.14 a 154.66 a
22k Significance  ns * ns ok ns ok e ns ns
EC {H >3 #EMM# EC values x Irrigation rates
ER; 291 ab 20.33 ¢ 136.46 d 7.17 be 7.36 ab 9.86 f 70.93 ¢ 132.17abc  162.16 ¢
ER; 3.19a 24.33 ab 154.62 a 7.28 ab 7.58 a 10.65 cde 65.56 ¢ 136.72 a 157.78 ¢
E:R, 2.94 ab 24.53 ab 154.86 a 7.53a 7.56 a 10.47 de 75.03ab  134.19 ab 179.79 a
E:R, 3.17a 26.73 a 145.51 be 6.90 cde 7.34 ab 11.06 ab 72.38bc 13721 a 177.31 ab
E:R, 2.60 be 23.87 ab 152.34 ab 7.13 bed 7.32 ab 10.81 bed 77.57 a 121.81bed  165.27 be
E:R» 2.70 bc 26.40 a 141.42 cd 6.86 de 7.23b 11.19a 70.69 cd 127.06 abed 152.07 ¢
E.R; 2.53¢ 24.87 ab 149.49 ab 6.96 cde 7.20b 1040 ¢ 73.88 abc 115.16d 134.29d
E.R. 2.93 ab 22.47 be 141.56 cd 6.69 ¢ 7.17b 10.87 abc 67.02 de 119.58 cd 131.50d
M Significance  * * * ok ns ns ns ns ns

VE AR F-BERIR 0.05 /KF F 257 B3 (p<0.05) , *F** 4 JI LR LE 0.05 1 0.01 K FIZER . ns. ARFH. .

Note: Different letters in the same column indicate significant difference at 0.05 level (p<<0.05), * and ** indicate significant difference at 0.05

and 0.01 levels respectively. ns. Not significant. The same below.
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Table 3 Effect of different EC and irrigation rates of nutrient solution on root morphology during different periods

AR A Rosette stage

AL L Fruit setting stage

s BRE  REER R RAR B REmR REE R
Treatment Total root Root surface  Root Root Total root Root surface  Root Root
length/cm area/cm’ volume/cm’  diameter/mm length/cm area/cm’ volume/cm’  diameter/mm
EC{H EC values
E 1166.75 ¢ 341.32b 8.57b 093 b 1449.79 b 560.86 b 18.10b 1.31b
E. 124294 a 366.78 a 934a 1.05 ab 1604.63 a 609.94 a 20.46 a 1.38a
E; 1199.89b 365.68 a 8.70b 1.15a 1408.94bc  584.37 ab 19.67 a 1.39a
Es 1169.72bc  338.33b 721¢c 0.88 b 137691 ¢ 561.40 b 17.74 b 1.28b
21k Significance ok ok *ok ok ok * *k ok
T EANAR Irrigation rates
R, 124351 a 374.76 a 9.36a 1.09a 1368.84b 549.22 b 18.29b 1.37a
R, 1 146.14 b 331.29b 7.55b 0.92b 1551.29a 609.07 a 19.70 a 1.31b
.21k Significance ok ok . . . . o .
EC{H>xi%HEM# EC values x Irrigation rates
ER, 1205.81b 356.76 b 9.68 a 1.0l cd 1366.25 ¢ 553.11 cde 17.96 cd 1.33 cd
ER; 1127.68 ¢ 325.87d 747 ¢ 0.85 ef 1533.32b 568.61 bede 18.23 cd 1.30d
E:R, 1348.24 a 398.55a 10.13 a 1.14 ab 1542.71b 581.55 abed 19.17 be 142 a
E:R, 1137.65¢ 335.01 cd 8.55b 0.96 de 1 666.54 a 638.33 a 21.74 a 1.34 bed
E:R, 1203.19b 39524 a 9.58a 122 a 129439cd 544.20 de 18.63 cd 1.40 ab
E:R» 1196.59b 336.12 cd 7.81 be 1.08 be 1523.48b 624.54 ab 20.71 ab 1.37 abc
E.R, 1216.78 b 348.49 be 8.04 be 0.98 cd 1271.99d 518.02 ¢ 17.39d 1.34 cd
E.R, 1122.65¢ 328.17d 6.38d 0.77 f 1481.83b 604.78 abc 18.09 cd 1.23 ¢
3 Significance  ** ok ns ns ns ns ns *

*4 EFRECEFMBEMEIAERAEYENZE

Table 4 Effect of different EC and irrigation rates of nutrient solution on biomass during different periods (g-plant")

e [F1#R 1 Rosette stage A B Fruit setting stage

Treatment ESly Uiss 7k L ESGY Ui i 7t L
Stems and leaves Root Root shootratio Stems andleaves Root Root shootratio

EC{H EC values

E 21.13 ¢ 347c¢ 0.165a 188.10 b 16.81b 0.089 a

E, 27.61 a 3.78 ab 0.137b 22434 a 19.52a 0.087 a

E; 26.28 ab 397a 0.148 b 183.73 be 16.30b 0.089 a

E, 24.03 b 3.57 bc 0.147 b 175.52 ¢ 1425 ¢ 0.082 a

22 1 Significance ok ok ok ok ke ns

T EATR Trrigation rates

R, 2495 a 412 a 0.167 a 182.64b 16.14b 0.088 a

R, 24.58 a 3.26b 0.132b 203.20 a 1730 a 0.085a

i 2 1 Significance ns *ok ** *k * ns

EC {E i A% EC values x Irrigation rates

E:R, 2144 ¢ 4.15 ab 0.194 a 165.18 ¢ 15.00 be 0.089 a

ER. 20.82 ¢ 2.78d 0.133 cd 211.02 a 18.63 a 0.088 a

E.R, 27.23 ab 437 a 0.162 b 22123 a 19.24 a 0.087 a

E:R. 27.99 a 3.17¢ 0.114d 22744 a 19.81 a 0.087 a

E:R, 26.43 ab 4.14 ab 0.157 be 180.67 be 16.26 b 0.090 a

E:R. 26.13 ab 3.79b 0.146 be 186.80 b 16.34 b 0.088 a

E.R, 24.68 abc 3.83b 0.155 be 163.50 ¢ 14.07 ¢ 0.086 a

E.R, 23.37 be 331c 0.142 be 187.55b 14.44 be 0.077 a

i 2 1k Significance ns

ok

Kk

ook

*

ns
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Table 5 Effect of different EC and irrigation rates of nutrient solution on fruit weight and quality
b FUR R wCRT VPRI T4 wCAIVE RS wCHHLER PEER EL
Treatment Fruit mass/kg Soluble solids content/% Soluble sugar/%  Organic acid content/% Sugar/acid ratio
EC{H EC values
El 249a 10.07 b 5.89b 0.67 a 8.87 ¢
E2 240a 10.13 b 6.08 b 0.64 ab 9.59 be
E3 2.20b 10.14b 6.19 ab 0.61 be 10.22 ab
E4 1.96 ¢ 1039 a 6.47a 0.58 ¢ 11.19a
2k Significance % * ok ok ok
AT Irrigation rates
R1 2.19b 10.28 a 6.34a 0.59b 10.88 a
R2 2.34a 10.07 b 597b 0.67 a 9.06 b
21 Significance ok ok ok ok ok
EC E <% #EMI % EC values x Irrigation rates
EIR1 2.34b 10.09 b 6.12 ab 0.63 be 9.76 bed
EIR2 2.65a 10.03 b 5.67b 0.72a 7.97d
E2R1 2.28 be 10.17 b 6.22 ab 0.59¢ 10.63 ab
E2R2 2.52a 10.10b 5.94b 0.70 ab 8.55cd
E3R1 2.12cd 10.24 b 6.29 ab 0.58 ¢ 10.93 ab
E3R2 229b 10.00 b 6.08 ab 0.64 be 9.51 bed
E4R1 2.02 de 10.62 a 6.73a 0.55¢ 12.18 a
E4R2 1.90 ¢ 10.16 b 6.21 ab 0.61 ¢ 10.20 be
25 1 Significance ok ns ns ns ns

g
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