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Regulation effects of different water and nitrogen combinations
on watermelon growth, yield, and water and nitrogen
use efficiency in sand removal field

LI Jiale, XIAO Yuzhen, WANG Xiang, YANG Tian,ZHANG Xian
(College of Horticulture, Northwest A&F University, Shaanxi, Yangling 712100, China)

Abstract: The watermelon cultivar ¢ Jincheng No. 5’ , the main watermelon cultivar in Zhongwei, Ningxia,
was used as the experimental material for planting experiment. Three levels of irrigation were set: conventional irri-
gation (medium water W2, 3 000 m’ - hm™) , conventional irrigation plus 20% ( high water W3, 3 600 m’ -
hm™) , conventional irrigation minus 20% (low water W1, 2 400 m’ -+ hm™). Five nitrogen application levels in-
cluding NO (0 kg - hm™), N1 (80 kg - hm™), N2 (160 kg - hm™), N3 (240 kg - hm™) , and N4 (320 kg -
hm™) were used in the experimental design, with a total of 15 treatments. The results showed that the growth of
watermelon plants under high water treatment increased by 9.15%, 8.41%, 8.69%, 11.58% and 12.00% , respec-
tively, compared with that under medium water treatment. Under medium water treatment, watermelon vine length

of N2 increased by 5.42% ~7.13% compared with NO, and 2.71% ~ 16.67% under lower water treatment. The total
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soluble sugar content of watermelon under low water treatment decreased by 13.09% to 60.21% compared to medi-
um water treatment, whereas under high water treatment, it decreased by 6.69% to 9.14%. The total soluble sugar
under N2 treatment was increased by 21.19% and 70.47% compared with NO under medium water and low water
treatment, respectively. Under high water treatment, the total soluble sugar under N3 treatment was 8.25% higher
than that under NO treatment. Under the same nitrogen application, the promoting effect of irrigation on plant growth
was W3>W2>W1, and the effect on watermelon quality was W2>W3>W1. The highest yield was 64 299.67 kg -
hm™> when the irrigation level was 3 600 m® + hm™ and the nitrogen application was 240 kg - hm™>. Soil organic
matter content and urease activity reached the highest level under T4 treatment. The total nitrogen content in the soil
did not increase consistently with higher nitrogen application rates, however, it did increase gradually with higher
irrigation levels. At the same irrigation level, the ammonium nitrogen content in the soil under N1, N2, N3, and
N4 application conditions increased by 11.90%, 16.87%, 24.58% , and 46.39% , respectively, compared to NO.
The increase of irrigation rate was beneficial to the increase of nitrogen partial productivity, but it will reduce the
water use efficiency. When the nitrogen application rate increased from NO to N4, the water use efficiency under
W1 irrigation level was the highest. When the irrigation level was 3 600 m® - hm™ and the nitrogen application rate
was 240 kg « hm™>, the growth, yield and water and nitrogen use efficiency of watermelon were the best.

Keywords: selenomardia xiangshanensis; sand removal land; water and nitrogen combination; water and ni-

trogen use efficiency; Ningxia
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Fig.1 Precipitation and temperature changes in Shenjing Village,

Xiangshan Township, May to August in 2023
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Table 1  Basic physical and chemical properties of 0~20 cm soil layer before experiment
TIRHE £ X HHA A B AL ALK
Soil layer Total N Total P Available N Available P Available K Organic matter  organic carbon pH
/em /(mg-kg') /(mg-kg'') /(mg-kg'') /(mg-kg') /(mg-kg') /(g-kg')  /(g-kg!)
0~20 355.50 160.50 5.54 4.07 192.47 9.26 5.37 7.86
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Table 2

Irrigation and nitrogen application

rates of each treatment

s g4 [ ‘{EAFE(W) .ﬁﬂii*?LE(N)
Test number  Combination rrigation amount  Nitrogen amount
/(m® + hm™?) /(kg - hm™2)

T1 W3NO 0

T2 W3N1 80
T3 W3N2 3600 160
T4 W3N3 240
T5 W3N4 320
T6 W2NO 0

T7 W2N1 80
T8 W2N2 3000 160
T9 W2N3 240
T10 W2N4 320
T11 WINO 0

T12 WINI 80
T13 WIN2 2400 160
T14 WIN3 240
T15 WIN4 320
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Table 3  Effects of different water and nitrogen combinations on the growth indicators of watermelon

2K Vine length/cm

ZLM Stem size/mm

1 F %% Number of blades

Ak (GiE=3:4] FEAE AL 5 JE I e TrAEA R4 ig T G4 TFAEA 3 i T3
Treatment Elongation Blossom and Distending Elongation Blossom and Distending Elongation Blossom and Distending
slage fruit period slage slage fruit period stage stage fruit period slage
T1 89.67e 176.00cd 294.17b 6.03ab 8.01abc 9.48ab 13.50abc 20.67bc 34.00cd
T2 94.50bcde 185.83bcde 292.17bed 6.01abc 8.07ab 9.67ab 14.00ab 19.67cd 36.33bed
T3 92.67cde 195.50abed 313.67ab 6.17ab 8.22ab 9.75ab 15.00a 23.00abc 39.00ab
T4 108.17ab 216.17a 320.00a 6.07ab 8.15ab 10.02a 15.00a 23.50ab 41.00a
T5 103.50abed  207.17ab 315.50ab 5.91be 8.26a 10.02a 15.00a 23.67a 38.33a
T6 103.50abed  179.67cde 269.50def 5.85bc 7.61de 9.53ab 12.33abe 19.33¢d 36.33bed
T7 97.00abed  187.67bcde 272.81defg 5.96abc 8.06abc 9.78ab 13.67ab 19.83cd 36.67bed
T8 97.67abed 198.00abcd 288.67cde 5.61c 8.17ab 9.79ab 13.67ab 21.83abc 40.00bc
T9 109.11a 195.66abed 282.33def 5.88bc 8.11ab 9.86abh 13.33abe 24.33a 39.67ab
T10 107.50ab 199.17abe 286.17def 6.35a 8.12ab 9.91a 13.83ab 23.00abc 39.00ab
T11 91.00de 166.17e 248.50g 5.83bc 7.44e 9.02b 11.00¢ 19.33d 32.50d
T12 94.50bede  176.00de 258.13fg 5.78bc 7.86bcd 9.37ab 12.00be 19.17d 36.67cd
T13 106.17abe 177.83cde 269.97def 5.78bce 7.93cd 9.83ab 12.00abe 19.50cd 35.33¢cd
T14 103.33abed 180.17cde 258.67ef 5.79bc 7.85¢d 9.72ab 13.33abc 20.17bed 39.17bed
T15 106.17abc 188.33bcde 255.60fg 6.02abc 7.70d 9.90a 13.83ab 18.67d 37.00bed

T : SR NG R 30< Ab B R] 22 57 .35 (P<0.05) . Rl

Note: Different lowercase letters in the same column indicate significant differences between treatments ( P<0.05). The same below.
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Fig.3 Effects of different water and nitrogen combinations on dry mass and fresh mass of watermelon plants
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M, WNg% 5 PR, FEAHFEACE T, HiR SRS &
Wit 5 it 2R B 2 A TR R g o A A
KT 1R D b 4 4 R R S R R
HW3>W2>W1, Jitn AKX 1R A0 + a8 A &
AR & w3 W 6 A [ HE I K P
T it AU 0 A I AR A B, NTUN2 N3
N4 it S5 T IR D b - A S AU A 4 48 NO
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Table 4 Effects of different water and nitrogen combinations on watermelon quality

L TR R AT

2 4% 7% L iz B g EIRY AV Sl

Kb ¥R Lon;?tlflinal Tr:ij;rse * ﬂ/; kS * f’zejjr; Uy i % Z . hinge N fﬂ%b% : TTOI‘)S Ii‘l:[ﬁ
Treatment diameter diameter F.run shape thickness Central Marginal Slde-tf)-(:enter protein sugar
Jem Jem index/% Jom sol.uble sol.uble shading/ % J(mg-g) /(- ke )
solid/ % solid/ %

Tl 30.76¢d 20.60bc 1.50a 10.89a 10.57¢ 7.99b 2.58ab 3.56b 303.11a
T2 32.07abc 20.76bc 1.55a 11.01a 11.91ab 9.42a 2.49ab 3.71b 320.40a
T3 32.29ab 21.49ab 1.50a 10.95a 11.74ab 9.86a 1.89b 3.87b 314.93a
T4 33.34a 21.61ab 1.54a 11.06a 11.67ab 9.91a 1.76b 3.69b 328.63a
T5 32.98ab 21.10ab 1.56a 9.68ab 11.92ab 9.68a 2.24ab 3.71b 300.66a
T6 31.86bc 21.11ab 1.50a 10.46ab 11.81b 8.53ab 3.28a 3.73b 335.28a
T7 31.79bc 20.81ab 1.53a 10.17ab 11.01be 9.04ab 1.97b 3.87b 292.49a
T8 31.61bc 21.61ab 1.47a 10.36ab 12.06a 9.44a 2.61ab 3.96b 406.84a
T9 32.12abc 21.92a 1.47a 10.37ab 12.30a 8.51b 3.79a 3.83b 317.53a
T10 33.94a 21.96a 1.55a 10.73ab 11.93ab 9.09ab 2.84ab 5.01a 358.43a
T11 29.08d 19.61c 1.49a 10.33ab 11.28be 8.57b 2.71ab 3.12b 209.09b
T12 31.43bc 20.54be 1.53a 10.71ab 11.69b 9.59%a 2.10ab 3.75b 337.46a
T13 30.82bc 20.66bc 1.49a 10.15ab 11.68b 9.26a 2.42ab 3.88b 358.62a
T14 31.43bc 20.71be 1.52a 10.00ab 11.78ab 9.58a 2.20ab 3.89b 324.30a
T15 30.60bc 20.14be 1.52a 9.27b 11.43b 9.03ab 2.40ab 3.95b 359.48a




186 TR A X AR

5543 3

SR 11.90% ,16.87% ,24.58% K11 46.39% ; AN[F]
IKAEALHR TSR T BN T 6.42~17.78 mg -
kg™, W3 JEIEZK P it 00T IR A b - 49 R0 R Y
Mo B o K, Horp T4 Kb BRES T1 AL HL R E IR
24.35% , Jitn X A A A 5 A oK Ab 3R R I
SRR PR K AL EE TR R B N3>N4>N2>N1 >
NO, 30 Fifi 25 it 207K 1 0 38 0 328 T e 1 A
EEEARK AL BT 2B TR R BRI R, T13 4b
P E . KA G XRS5 PLR A
MUBR A5 I 452 K, T4 b FEAT ML AN AT LK & 2 A
o, s E] 15.15 ¢ - kg M1 8.79 g - kg, TI1 Ak

A B, 43918 9.96 ¢ - kg ' F15.78 ¢ - kg™', T4
BT A PEPHE bR & 153 42 55 55.29% F155.31%
TEARK A KK N3 b33 30 BT A HLER
B A AN FRR R, 7R S D AUK
R HEE X IR BD - A LR A L AR i A £
RSN W3SW2>W1, ERRTA LT &
4926 g - kg HHLER SN 5.37 g - kg™ R
J5 25 b B A HEA HLS A LR Y S = B R T
Hod T4 Ah PR RE R AT 1 A HLSOR A MLEK G =
THE %, /3 4R E538.88% F138.91% . 1l W4 i
JE 25 s R A0 B B 1) MR T

£S5 AREKRAGIRE M+ FRE RN

Table 5  Effects of different water and nitrogen combinations on soil properties in sand removal field

e £ A HER ﬁﬁﬁl% ﬁﬁﬁlﬁﬁ ﬁﬁﬁﬁl"ﬁp ﬁf}Lﬁﬁ ﬁmﬁf}%
Treatment Total N NO;-N NH,-N Available N Available P Available K Organic matter  Organic carbon
/(mg-gt)  /(mgeg!)  S(mg-g)  /(mgegl) /(mgeg') o /(mgegh) o /(gekgT) o /(goke)
T1 305.37b 1.09d 2.62cd 12.32be 4.89d 205.56bc 12.67cd 7.35¢d
T2 310.86b 2.86bed 3.09bed 15.32b 6.76d 245.93be 14.21b 8.24b
T3 316.80b 3.69bed 3.12bed 15.09b 10.55b¢ 285.74b 14.45b 8.38b
T4 332.30ab 6.21abc 3.35hc 17.78a 14.04a 330.40a 15.15a 8.79a
T5 353.85a 5.50bed 3.72b 16.38ab 9.41c 225.75de 13.18¢ 7.64
T6 309.67b 1.02d 2.68cd 10.20c¢ 3.98e 208.21e 10.93g 6.33h
T7 311.27b 2.47bed 3.09bed 10.45¢ 5.68d 236.15¢cde 12.02h 6.97g
T8 314.67b 3.76bed 3.28bed 11.78¢ 5.93d 281.10b 12.20de 7.08de
T9 324.93ab 5.16bed 3.41b 13.02be 10.65bc 301.80b 12.46de 7.23de
T10 324.30ab 6.06abc 4.12ab 9.89¢d 8.19¢d 240.45¢d 11.63f 6.751
T11 307.57b 1.69d 3.06bcd 6.42¢ 5.08d 207.15e 9.96h 5.78h
T12 312.57b 6.80ab 3.10bed 8.00d 5.99d 215.80de 10.68g 6.19g
T13 317.47b 6.85a 3.34bc 8.03d 9.11c 235.92cde 12.55de 7.28de
T14 314.47b 2.19bed 3.63b 8.42d 13.24ab 280.01b 11.96ef 6.94ef
T15 319.47b 3.71bed 4.39a 9.12cd 12.02b 256.12¢ 10.58h 6.14h
2.3.2 AREKRAES LEBHEFHG T FEB  IEMEARE BN K, i RERERE S AUK 2 R AR K

2 Rt 0 %o AR A b, - 9 O Tt R R T 1 Y
B3R IREREAE— 2 R B2 1] DA il 4= 398 i 1R R
RESIVS . AN 4 FEoR 7R TRIVE R KSR, 184
JIES T AN ) P v - SR BRI 1, N T N2 N3 N4 7K
SR A A UK O S 0 NO SRR R 1.77%
26.29% 46.65% F1 25.69% ; 7640 [A] it A+ T, A [
TR K SF- 4 IR g 1% PR R I W3>W2>W1, T3,
T4 T5.T9 AbFEF IR EG H A A AT Il R 8e & . AT LUAE
oh | JORTE T it o it 2R A B4 S B2 I T R
FR RS A 7K 43 %oF 1 IR 1 335 M 19 52 i) 22 390 0E AH G
(B 4A) TR ) 14 T 46 vp B i M8 3R ) i ke
HEENER, WK 4C B, 35 R RS 7 30
BR AT 0.054~0.378 mg - g™, T4 F1 T9 4L HY
- S A T 0 T A AL 3 WT R IR Dy K
r R 2 o TR T M W3 Ak P ) - S TR
PEEE W2 40P E56.59% ~ 10.69% ; W1 Kb B i) 1e 4 il

(K 4C) o AN[EZK ZA B 4 980 480 Ak S0l A 3 3
filg 1% 143 94 F 0.7037 ~0.9988 mg - ¢~ 1 10.58 ~
17.66 ml + g, 3o A0 fh Sl R TE A9 7 114 A2 Tk R S A
[Fi] , BV W 7K S — ST Bl A it 2 1 38 2 B
SeTt e AR ) B 7R it R — BT, Bl E
KBRS BLREAR A # (8 4B (D) , i AL
Tl T A9 il AD B AR PR TR A B R 1
R D FhRE i 1 S8 TG A R0 A B R AR A
Horbr T4 AbFRAY 4 FhEEE Y
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2.4.1 FRKRAA 3T HINKS A A2 E 6 H
wR IR SR R P I B K A R T RCR Y
FERE (K 5) bl A3, 2K 53R R R5eR
BHTREAR , W3 TR KP4 7K o RS8035 w2
W1 HEBE K239 F B 10.57% 1 23.74% , [a] if 7k



5513

BARIRAE AR K R AL R A0 M 7 TR A: A i B 7K R R A R A 800 187

3 P33R A2 it 2R 2 1 52 ), AN (] it 807K~ X 7K 4
IR RAE AR, 76 7] —E B K T 7K 43R H
A4 A B A it R 1 3 R IS T e S R R A
KR K RE R 25 F T e R B AE N3 B K 43
FRCR R B e, 409 17.86 kg + hm™ - m™ Al
19.12 kg « hm™ « m™ ; (B IRAKFE L 25 14 it 2R i 7E
N2 /KA AR R 8 e, 4 22.39 kg » hm™ -
m”, W3 W2 W1 KoK 53 F FHRCE 5350 R 14.08
~17.87.16.10~19.21 .19.24~22.39 kg - hm™ - m™;
W1 KT N2 7K 53R 808 s i, AR it
A, N NO 275 2 N4, W1 HEBE /KT #9722 4k g
FERK, BRIV i T BUK /3808 T 2 ok AR
P10, L AT L 2 90 4 it 20 A o 1 1 K R P [ AR

FH PR B R K o R RCR

242 AREKRAEST TN RZ A A
R R R R A R TR D b P T R A R
TR 78 3 MK TR AR R a1
PIEE A T =R (R 6) . JFAEA
SR I S 220 2R 2% R 3R o i R R AR B30 R T4 N
T15, & &4 ik 5] 21.59 kg - hm™ il 5.02 kg -

hm ™2 B AR A9 T11 1 T1 AL PR R FR 23510 0 6.51
kg + hm13.19 kg - hm™, FHRAZHEEBLE W3
HEWEKE T e, M 19.68 kg - hm ™, 8 W2 W1 43
SRR 9.91%F1 23.22% ., MWAHXT AR FL1Z K E
FK E B PR R R i 2 , T 46.17% ~
78.66% 2 1] , g i AL BN T4 IKE] T 78.66% ,T11 kb
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Fig.4 Effects of different water and nitrogen treatments on enzyme activities of sand removal field
24 (A)W3 24 - (B)W2 241 (C)W1 a a
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1 5 b EHg EHg
S N 5
12 1 1 1 1 1 1 12 1 1 1 1 1 1 12 1 1 1 1 1 1
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Jiti & 7K °F- N level/(kg « hm °)

Jiti 27K °F N level/(kg * hm )

5 ARKREAEXAERKSFAREN RN

Fig.5 Effects of different water and nitrogen combinations on water use efficiency of watermelon
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R R s R, 46.17% , T4 %5 T11 Kb PR
41.30% , Horp  FEASAIVE R /K SF T N3 N4 ZbHE 5 NO
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N1>N2>N3>N4, fEAHIE AR T, A [R) A 0E Ab BE X
RICIw A= 7= 1 PRS- E IR B W3>W2>Wi, H
H W3N1 AR ey , i5 %) 682.67 kg « kg™, W3N1
AHEE W2N1 F1 WINT &b 3 4351 55 35 52 5 5.89% F1l
9.49% W3 ZLFH T N1 # N2 N3 N4 4351 5 35 42 55
45.33% 65.31% . 73.87% ., [F I3 2545 e 4 [ 3 %
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Table 6 Effects of different water and nitrogen combinations on nitrogen use efficiency of watermelon

FESAE 53

RAREA 5%

Kb Nitrogen accumulation/ (kg + hm™) Nitrogen transport Nﬁ%%@z Nitrogen utilization index
N - . itrogen transport X -~
Treatment TEAE Al AL capacity o o TEAE A1 AL
Blossom and fruit period ~ Mature period /(kg « hm™) Blossom and fruit period ~ Mature period
T1 12.26¢ 3.19¢ 9.06ab 73.96¢
T2 12.60c 3.36¢ 9.24ab 73.33ab 33.99b 56.07a
T3 13.93¢ 3.57be 10.36ab 74.36ab 33.63b 46.05b
T4 21.59a 4.61ab 16.98a 78.66a 33.06b 45.59b
T5 18.80b 4.48b 14.32ab 76.71a 28.15¢ 44.50bc
T6 9.57cd 4.34b 5.23be 54.76d
T7 13.11c 4.13b 8.98ab 68.46b 34.04b 50.61ab
T8 15.72be 4.59ab 11.13ab 70.80ab 31.06b 44.16bc
T9 14.73be 3.72be 11.00ab 74.73ab 30.29b 55.92a
T10 14.29bc 4.46ab 9.83ab 68.81b 31.34b 46.16b
T11 6.51d 3.36bc 3.0lc 46.17d
T12 9.47cd 3.51be 5.75be 60.77bc 33.25b 59.07a
T13 13.87bc 3.71c 10.50ab 75.73a 30.81b 50.99ab
T14 13.19¢ 4.77ab 8.42ab 63.80bc 34.08b 44.95be
T15 12.10¢ 5.02a 7.08bc 58.55¢ 31.91b 49.39ab
SO0 mmNI CON2 EEIN3 [IN4 > N
2 aC
e SE b b R = = o
g 600 IR0 R 5 AR T K 2 FTVRUIE 22 8] AH B 5
i Wi AR E AR, IR AH A2, G e
59 NN y — -
B 400 bC TERHE KRG OUT , PG A AR K46 bn B il 2 K
0.8 N _ .
iy cC RSN B W AR, ZEABETE T, AN R K AL A *
=2 = 200 dcC — = Bl
3 TR A B 6715 0 it 2 B 4 2 5
: TR AR 7 B UG A T K
wi SRV TR A= K AR5 T 825 B e, e K Ak PR i R

#E K 1T Irrigation amount/(m® « hm )

T ANF/NE FREFR AR [ HE K 38 T i U (8] 22 57 k35
(P<0.05) , AR R 57 £ 3 75 A1 1] e 260 BT #E K 8] 2 5
.3 (P<0.05) ,

Note: Different lowercase letters indicate significant differ-
ences between nitrogen amounts under the same irrigation amount
(P<0.05) , different capital letters indicate significant differences
between irrigation amounts under the same nitrogen amount ( P<
0.05) .

6 AREKEESEX TN RE™ BN
Fig.6 Effects of different water and nitrogen combinations on

nitrogen partial factor productivity of watermelon

9240 kg - hm PRCR A, K AL BT IR A5 1S TR
ARV R 2 B K R AR R AR K R
AR ALY , X 5 AT AT 25 R — 3k, Dkt
BT KBRS #Er 1) T4 B R SRR R W] IRk Ak
PR 40 5 B TR A 1 BN T 4 A S H
HRK AR 7K A B R R AR T ) 5 B 5 43 1 14 T
B K , TEAE G S R KE T AR T8
Jo R R 4y i 5 it 20 1 394 2 B S T o PR AR
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IEFHSEIE R, 7E N3 KT, X PG ISR S 11 s
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