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Effects of planting density on the yield, quality and nutrient uptake of

open-field watermelon in the arid region of central Ningxia

Li Long', Yang Wanbang"?, Li Junnan', Yu Rong’, Tian Mei’, Guo Song’, Li Hao'

(1. Northwest A & F University, Yangling 712100, Shaanxi, China; 2. Institute of Horticulture, Ningxia Academy of Agriculture and For-
estry Sciences, Yinchuan 750000, Ningxia, China)

Abstract: To determine the optimal planting density for open-field watermelon in the central arid region of Ningxia, this
study used the local conventional planting density of 400 plants - 667 m™ as the control (CK), and set up four treatments
at 450, 500, 550 and 600 plants - 667 m”. The effects of planting density on the growth, leaf SPAD value, fruit traits, quali-
ty, yield, and nutrient uptake of the large-fruited watermelon variety Jincheng No.5 were systematically analyzed, aiming
to identify a suitable planting density range that balances both quality and yield, and to provide technical support for ratio-
nal dense planting of open-field watermelon in the arid region of central Ningxia. The results showed that with increasing
planting density, watermelon yield continuously increased, but the rate of increase gradually narrowed. Meanwhile, vine
length, stem diameter, leaf SPAD value, single-fruit mass, fruit quality, and nutrient accumulation all exhibited a gradual
decliing trend. Among the treatments, the 450 plants - 667 m* treatment achieved a yield of 61.65 t - hm™, which was
8.41% significantly higher than that of CK, while all quality indicators showed no significant differences from CK. The
central soluble solids and total sugar concent decreased by only 1.66% and 1.87%, respectively, compared with CK,
achieving a synergy between high quality and increased yield. The 500 plants - 667 m'’ treatmen increased yield by
15.49% compared with CK, while total sugar and central soluble solids content decreased by 3.98% and 2.57%, respec-

tively, with relatively small quality declines. Correlation analysis revealed that yield was highly significantly negatively
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correlated with total sugar, vitamin C, soluble solids content, and was significantly negatively correlated with plant nitro-

gen accumulation. In conclusion, the suitable planting density for open-field watermelon in the central arid region of

Ningxia is 450-500 plants - 667 m™ . Among these, the 450 plants - 667 m treatment is more conducive to balancing high

quality and increased yield, while the 500 plants - 667 m™ treatment is more suitable for production scenarios where high

yield is the primary objective. Differentiated selection can be made according to the target during production.

Key words: Watermelon; Planting density; Central arid region; Yield; Quality; Nutrient uptake
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Fig. 1 Effects of planting density on single fruit mass and yield of watermelon

2.2 FRIEEE XA THCHE A IUR SS MR AV R0
B 2 mr g0, PR E KA ZOMAE R — 4 F 1K
B R 3 % BE T m BRRET R GE S . 24 F A, CK
Aib P KRN ZOM 5 R I A , PASO Kb ERTE #5248 F B
¥15 CK T3 % 5 s P500 AbFE Bk pl 24 A S ik 2
K5 CK ZRrARE NS, P550.P600 AbHH &
K FNZE R 35 B KT CK. DU R A, P450 Ab

HERKMZERE CK 705 T B 1.73%F1 3.17%,
P500 4k 2 ZXHH ¢ CK [£ 1K 8.89% , PS50 A1 P600
b B & K CK 43 Al 5 35 PR AR 6.69% A1 15.14%,
L4391 S22 PRI 13.88% 11 14.96%. 1] I, % EE
A 450 PR+667 m? XV R4 H S R AEK LR
FHRW s T )G, R % LR 5] 500 #R+667 m* 5
ZOM IR 2 N B IS B 550 PR 667 m” i AE bk &

- 155



KB EF T i I §39%

OoCK 0O P450 @ P500 P550
4
g
= 3 a ab g b
% B :
W= 2
Q
8
-1
0 o~ N R
fif &34 TEAEA R3] i )3 A
Vine extension period Blossom and Melon expansion ~ Mature period
fruit period period
4 H 1 Growth period
16 - oCK 0 P450 o P500 P550 O P600
g 12} a ab aa
b ab
E aaa - C ¢ - b b
g frd -
o ©
= .
5 &
= 4
Q
7 0 | U . .
i 2 30 THAEAR R i 3 A
Vine extension period Blossom and Melon expansion ~ Mature period
fruit period period

4 H H Growth period
E2 HEZENSEEHANEIEKRREHENZMN

Fig. 2 Effects of planting density on main vine length and stem diameter of watermelon at different growth periods
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Table 1 Effects of planting density on fruit traits of watermelon

e P 34003 AR Pz Rtz POz I

Rind hardness/ Flesh hardness/ Vertical Transverse Fruit shape Rind thickness/
Treatment R 5 . . .

(kg-ecm™) (kg-ecm™) diameter/cm diameter/cm index cm
CK 23.70+0.83 a 0.73+£0.08 a 33.80+2.13 a 22.92+0.21 a 1.48+0.07 a 0.95+0.13 a
P450 23.62+1.16 a 0.75+0.09 a 32.63+0.86 a 22.85+0.42 a 1.47+0.07 a 0.94+0.16 a
P500 23.34+0.95 ab 0.79+0.05 a 31.324+0.58 ab 22.74+1.02 a 1.37+0.02 a 0.96+0.07 a
P550 22.68+1.30 ab 0.77+0.08 a 30.22+1.96 ab 22.12+40.53 ab 1.37+0.06 a 0.94+0.24 a
P600 22.12+0.54 b 0.79+0.09 a 29.22+0.88 b 21.58+0.62 b 1.34+0.08 a 0.93+0.23 a

T« [P 5 A NS P RERORAE 0.05 KT 257 235 .

Note: Different lowercase letters after the data in the same column indicate significant difference at 0.05 level.
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Fig. 3 Effects of planting density on the relative content of chlorophyll and SPAD value of leaves
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Fig. 4 Effects of planting density on watermelon fruit quality
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Fig. 5 Effects of planting density on dry mass of watermelon
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Fig. 6 Effects of planting density on nutrient content of watermelon plants
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Table 2 Effects of planting density on plant nutrient

accumulation g

e HHERRE HRBEHRE ERZRIVAS

Plant nitrogen Plant phosphorus  Plant potassium
Treatment . . .

accumulation accumulation accumulation
CK 7.52+0.27 a 1.12+0.11 a 9.24+0.57 a
P450 6.93+0.48 ab 1.03+0.09 ab 8.32+0.83 ab
P500 5.66+0.52 b 0.88+0.06 b 7.13£0.72 b
P550 5.21+0.39 be 0.81+0.07 bc 6.48+0.41 be
P600 4.29+0.23 ¢ 0.68+0.05 ¢ 5.39+0.28 ¢
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Table 3 Correlation of each index under different planting densities

FOOEERE T e RREE #HAERC bR B T PR B R A
s E e R ;(;t:l :lu ar Total aht E Plant‘nitr\o /;:n Plant
Index Center soluble Edge soluble ; tg acid Vitamin C  Yield ) t'g phosphorus
nien a mulation
solids content  solids content conte content content ceumutatio accumulation
R TINER U RTTPI A Y/ 0.297%
Edge soluble solids content
SRS 0.155% 0.665*
Total sugar content
BIRE & -0.051* -0.847* -0.640%*
Total acid content
fERCo= 0.019%* 0.472% 0.646%*  —0.502%*
Vitamin C content
s —0.122%* —-0.763%%* —0.644%%* 0.748**  —0.812%*
Yield
KA R E 0.191%* 0.794* 0.288%*  —0.758**  0.153*%*  —0.536*
Plant nitrogen accumulation
TR BE R A= 0.244%* 0.772* 0.312%* -0.754%* 0.056* -0.406 0.971%*
Plant phosphorus accumulation
TR R 0.170% 0.814* 0.349%* -0.777* 0.133* —0.469 0.973%* 0.987+*

Plant potassium accumulation

2 RIRTE 0.05 /KB HH G, *#3RIRTE 0.01 KFH 35 HH G,

Note: * indicates significant correlation at 0.05 level. ** indicates extremely significant correlation at 0.01 level.
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