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Effects of different water and nitrogen regulation on the growth and

yield of watermelon under mulch drip irrigation in irrigation area

LUO Shuanglong ', MA Zhongming °, XUE Liang ', WANG Zhiqi ', TANG Wenxue ', LIAN Caiyun '

(1. Institute of Soil Fertilizer and Water-Saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China;
2. Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China)

Abstract: To clarify the effects of water-nitrogen synergy on the growth, yield, quality, and water use efficiency of water-
melon under film mulching drip irrigation in the Hexi Oasis Irrigation District, and to seek and optimize the optimal water
and nitrogen supply for efficient cultivation of watermelon in the irrigation district. A split-plot experimental design was
adopted. The main treatments set three soil moisture lower limits (50%, 65%, and 80% of the field water-holding capacity
of the planned wetted layer soil, respectively), and the sub-treatments set four nitrogen application levels (0, 100, 200,
and 300 kg-hm™). The effects of different water-nitrogen regulations on the growth, yield, and quality of watermelon under
film mulching drip irrigation were studied. The results showed that when the nitrogen application rate was 200 kg-hm?, it
was beneficial to the growth and dry matter accumulation of watermelon, and promoted the formation of watermelon
yield and quality. Compared with other nitrogen application levels- the dry matter mass at the mature stage increased by
2.80%-13.30% , and the soluble solid content, yield, and water use efficiency increased by 0.12-0.61 percent point,
0.32%-7.57%, and 1.57%- 12.43%, respectively. The yield of watermelon increased with the increase of the soil moisture
lower limit, increasing significantly by 7.38%-17.97%, compared with the 50% soil moisture lower limit. When the soil
moisture lower limit was 65% of the field water-holding capacity and the nitrogen application rate was 200 kg - hm, the
sugar content and water use efficiency of watermelon were the highest, being 11.00% and 229.05 kg - hm2-mm’', respec-
tively. Considering the yield, quality, and water use efficiency of watermelon comprehensively, a soil moisture lower limit

of 65% of the field water-holding capacity and a nitrogen application rate of 200 kg - hm'2 is the plan for efficient and
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green production of open-field watermelon in the Hexi Oasis Irrigation District. By determining the soil moisture lower lim-

it and nitrogen application range with 85% of the intersection of the maximum values of watermelon yield and soluble sol-

id content, the soil moisture lower limit is 72.25%-75.02%, and the nitrogen application range is 204.25-254.15 kg-hm™.

Key words: Watermelon; Chlorophyll; Yield; Water consumption; Nitrogen application level
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Table 1 Soil bulk density and field capacity in different
soil layers of the experimental area

R j:%%?;ﬁ_ . E?lﬂ%ﬁki
Soil layer depth/em Soil bu}k density/ F 1elq water- ‘
(g-em™) holding capacity/%

0~20 1.36 31.55

21~40 1.43 29.46

41~60 1.44 29.22

61~80 1.47 28.91

81~100 1.47 28.74

PR 2 w72, B IR A B R A1 (KO 75 & 50% , [E 4%
e P mIn A RS A A A .
1.3 Rt
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Table 2 Effects of different treatments on the main vine length of watermelon cm
M 1S &
LB TR ﬁiﬁiﬂﬁnr i;ZﬁGMWM%e FEAE AL S [
Soil water lower limit . - ” oA
application level Vine extension period Blooming and fruit setting period ~ Fruit swelling period
W1 NO 48.89+2.01 ef 117.67£1.37 cd 160.22+6.41 cd
N100 49.78+4.43 def 138.67+1.44 abc 155.89+7.91d
N200 48.11+£3.28 ef 124.444+6.74 bed 164.22+2.38 bed
N300 46.70+3.19 £ 116.67+5.07 d 158.89+6.00 cd
w2 NO 54.22+5.25 bede 122.89+14.55 bed 184.89+12.77 abed
N100 55.00£5.91 bedef 149.22+8.00 a 171.56+0.16 abed
N200 60.33+4.47 abed 139.56+1.66 ab 177.89+10.65 abed
N300 58.22+17.85 abcde 139.89+2.28 ab 180.44+10.44 abed
W3 NO 51.44+8.80 cdef 135.88+9.75 abed 201.22+5.18 a
N100 62.00+5.34 abe 149.89+2.31 a 187.78+23.82 abc
N200 67.89+12.10 a 157.78+17.43 a 194.00+8.34 ab
N300 63.11+10.62 ab 150.67+15.45 a 198.33£16.30 a
FE w 14.76%* 12.70%* 18.16%*
F value N 2.37 5.05%* 0.79
WxN 1.33 0.81 0.22

W RIS FVING FRERAE 0.05 K-P 225 03, s+ R i A 9E (p<0.0D) . R,

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level, **represents extremely significant correlation

(p<0.01). The same below.

TN 5.22%.24.55%41.11%A11 35.14% , JT- 1 44 5 14
W3 & W1 4 5 38 i 15.48% + 8.09% - 26.79% Al
29.14% , 2 A W3 B W1 43 g5 38 0 25.59%
20.46%-18.13%F1 24.82%.
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Table 3 Effects of different treatments on the chlorophyll content of watermelon SPAD

K

A= B Growth stage

HIK TR

Nit fertili EH
Soil water lower limit rrogen fertiizet M

application level

Vine extension period

THAEAE Y] (23l

Blooming and fruit setting period Fruit swelling period

Wi NO 58.88+0.25 a 54.87+0.77 bed 53.18+0.09 abc
N100 59.43+0.88 a 57.58+3.95 ab 54.16+1.05 abc
N200 61.64+1.62 a 56.12+1.52 be 54.98+1.48 a
N300 60.22+0.58 a 60.57+2.80 a 54.83+2.80 a

w2 NO 53.77+2.10 be 50.24+2.23 ef 51.02:4.63 abc
N100 54.18+1.58 b 54.62+0.14 bed 53.13:0.48 abc
N200 53.45+1.32 be 54.22+1.34 bede 55.78+1.82 a
N300 53.01+1.82 be 52.56+0.61 cdef 54224238 a

w3 NO 48.00+1.94 d 49.57+3.22 f 50.48+2.94 abc
N100 51.34+2.33 bed 52.19+0.10 cdef 49.14+1.87 be
N200 49.99+1.41 cd 49.04+1.86 f 48.09+1.59 ¢
N300 51.47+2.49 bed 51.27+1.69 def 55.1742.22 a

F1iH w 79.03%x* 16.82%* 4.56%*

F value N 1.35 2.61 2.87
WxN 0.86 1.97 1.64
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W1 LR, 78 T4 53 AR 5 I A it FH 2 38
5 38 S sk 1) A, 3R B8 N200>N100>
N300>NO0, W2 4b # '~ 3£ Bl & N300>N200>N100>
NO, W3 A2 R & L4 N300>N100>N200>N0. i
T, WL A W3 AR, P F4) 5 AR 2l AU
Jite FH £ 448 0 2 ST 0 i e TR A, W Kb B 2
A N200>N100>N300>N0, W3 kb 4 #F
F PN N100>N200>N300>N0. J& 23 75 JI T4 7
B B i 50 AE it FH 4 i ¥ 5 B S 98N (1)
e, HoA N200 AbFR A K . A £ B i A A EE AN it
JIE A B - 4 o AR 2R 5 0 0 B N 4.69%~14.78%
22.15%~41.21%R1 36.26%~45.47% , JT 1£ A4 & 1A 4>
SN 4.61%~15.46%  2.26%~11.01%F1 14.55%~
25.03%, JiZ 3 43 I 6.70%~27.97%—13.86%~
7.29 F 4.65%~23.59% , A 73 5 38 0 4.41%~
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Table 4 Effects of different treatments on the dry matter accumulation in watermelon (g-plant)
T K5 R IR KT A= I3 Growth stage
Soil water Nitrogen fertilizer ifi & H FFAEAL B A8 AR Y
lower limit application level  Vine extension period ~Blooming and fruit setting period Fruit swelling period Maturity period
W1 NO 8.32+0.84 ¢ 40.17+0.68 £ 134.73+14.76 ¢ 280.83+5.43 h
N100 9.12+0.48 bed 43.16+0.59 ef 156.71+6.35 be 293.21+6.72 gh
N200 9.55+0.45 bed 46.38+0.47 ¢ 172.42+13.83 abc 310.08+7.79 ef
N300 8.71+0.62 de 42.02+1.86 ef 143.76+43.70 be 310.04+4.79 ef
w2 NO 8.76+0.91 cde 52.30+3.92 cd 166.90+4.97 abe 304.35+2.74 fg
N100 10.70£0.68 b 53.48+0.51 cd 165.71+12.68 abc 325.04+5.22 ¢
N200 10.74+£0.48 b 54.67+3.96 bed 179.05+2.94 ab 344.83+4.51d
N300 12.37+1.08 a 58.06+3.04 be 143.76+21.33 be 318.96+11.66 ef
W3 NO 7.17£1.35¢ 51.89+1.18 d 165.71+16.56 abc 357.33+£5.72 cd
N100 9.77+0.85 bed 59.65+0.41 b 204.80+10.66 a 376.89+£3.81 b
N200 10.01£0.59 bed 59.44+1.04 b 199.30+6.17 a 391.70+8.56 a
N300 10.43£0.26 bed 64.88+3.66 a 173.42+12.31 abc 367.35+12.19 be
Fa A 11.90%* 108.81%* 7.35% 88.18%*
F value N 12.81%* 10.33%* 3.34%* 5.42%*
WxN 2.57 3.06* 0.87 0.55

RN FH AR (p<0.05) . Tl

Note: * represents significant correlation at 0.05 level. The same below.
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AN TR) Ak 3 2% R R P R AE B O FE UK B 7E 206.66~

RS AREIANIER TN~ 2 Ff R AR

Table 5 Effects of different treatments on watermelon yield and quality

HHEKRIR MR wCaEPERDEYD e FoKE UG Ry ES
Soil water Nitrogen fertilizer Soluble solids content/% )Yiegil/ (kg-bm™) Water Water use efficiency/
lower limit application level i #5 Edge Frty Center consumption/mm (kg hm” mm™)
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Fig. 1 Effects of different water and nitrogen treatments on watermelon yield and soluble solids content

[ T ) 2 it B KAB A HE 1R 85% Sk oy 7 17 AR K5 &
B IR 387K 43 T BRAN I i X Ta) , 7] 75 - 458K 45
T RN 72.25% ~75.02% , & B i A & X AR
204.25~254.15 kg-hm?,

3 WiE4R

TIEF KIS G EEEHENERKKE
oS 2, R T VR K HE RO B /01 3
B 1) 338 7K 43 0 G RE AR S AN AE ] 35 2 AE A IR AR
KRB BB KR 75 3R, 1B RESE R ED e & =4
(AR B BN 7K 43 7 43 (R IRSOR R FH R 220, g T
TRHEED A K B S A R 13 e

AL, 7R ], NO AbEL VG )R 3 & K
B 49K T PR T R R S BN S RN 1 B 7R
W2 b H % A I8 B 5 K, N100.N200 FT N300 4b
HRE 3K 4> N IR mmi g . FAEAL R, 7E R
F2 & KB 3K S BRI sz g n , b U e
EIIN 2R NS . 7R W2 KSR
PBRAEAE R, A & BART TR AL SR 1, 7 I 32 & K500l
7E N200 F1 N100 2648 FIA B K, A %0 it H =
Tk RSP B 1 IS 32 KT GRS, X% R I R )
KRB A I AT A R 3k 7 A K, 7% 0 4k o ot )
SMGEHEYEK . TR RN, W2 Fl W3 L8k
ZAF T NO K P R 32 & KK T HoAth it UK F &b
H, F R RN, E B A R K R R L 1
YRR BN RN, 2 SEEMEKY, Wi S
MESKMRM. 78R —Z 05 =54, Bt
Koy T PR 4R R, 78 I 28 & KB T4 I, 500 3
I 3E7K 2 AT AR R 32 & K s

REMNARRE 5 FEAEVCE B TR,
B /EY i SPAD M, 52 WA AE W) 6 & 7= 1) I #
o AW, W1 H3EK 0 FIR&M T, M
T A SRR SR G I e ik 2 i A0l
7E N200.N300 F1 N200 kb ¥ N ik B & K. £ W2
T B FBR AT, A & HAFI 16 AL S 1 i T
W A R o 2L it P = o ot e s B R R R
T R 2R AE N200 Kb H 461 R IiA BB K.
I KT B 1P TR SR R s 3 T o R R =
PR, B R AR S EmEY RS ER
M A =Y is i SRR Y. KREM AR
B, P8R ISR R S 2 AT R R E Bl K &
SN Y T AR T E R B R A= AT
Ak LR 75 R — IR Bt A5 1R L B R IEOK o R
PR T, P8I 2 3 & B 2R T B, X
F B FUONEMTERROK R 58, B i i 5 A
PN T el W Sy A BN E Y =B S EZ )
(RY3EE PR [R] B, 386 i K & TT A AR HEE YOk
GEMITE RS TR X 5 AR AT A I T4 5 AR
25 b 3K 23 T BRI T v T A2 8 g 45 R
FHFF
T 5 ) K A ISR A ) 7 R R 5 T BT O
B AR TR EEY P R R K4 FR A
R R R, AHIE 5T R B, 78 TR — it K~ %
PETR PR 5 338K o T PR T v & A i, f
VG IR AT [ T ) B B 3K 43 TR BR AN
JIES Tt A 2 ) 4 m 2 2 T v S BRI B & 5, W2N200
Aab B (1 7 I HR o AT P [ T4 0 B K, 1
KRR B AN J2 B B 4 AR VI P A M [ T A
107 -



X ISR 5T

hoE R

e

oK

38 %

a5, AT 52 A P I B P I K 4 B SCRTE

W2N200 Kb PR IE 2] f i, 1% 32 2 2 R oA ik & 1 7K

EAR VRS X Gy N O LB 1 o b e e & S ST B

R, RAGAEY ISR 5 38 B T 7K IR B YR ) KRR

P, X 5 HT NI T 4E RAHE
g LRI, P TAE N v X E B A FHEY)

B R PR USRI A1, [FII, XAl

A7 T A U 1) 7K B R A SR I IR 9 T G A

R DX 35k 7 TP b [Py 6 P R 8 R Ji8 70 AR 7 TR N 45

E 2 BT A & R R AUK BRI A RCR . AR

AT, L3R TR N A ERK &1 65%, ZETE

FHE R 200 kg-hm, 2777 PHEE P X 75 b ph N s 2t

JEERE St 1y 7= SN i A i\l == o I s e i 2 e

IR AN 85% Kt g 1338 /K 70 T BR AN U fte

M & IX (8], 7715 887K 53 F FR N 72.25%~75.02%

Rt FH 2 [X 7] A 204.25~254.15 kg -hm?,

S 3k

[11  BHRE,.WER, TR LEKR TR KRB A H
TRAT[I]. BT R ,2023(12) : 53-55.

[2] S AV EME A S0 5 A AR AR RN A BT [7]. R AR A,
2023(5):44-46.

[3] 3Kk, i, SCKAF, S R E P T 40 W 5 R B[] 2015,
11(6):21-24.

[4] AT, DR, B ST B EUIE AR S R
T L B EF A [0 A E 5% 5 IR 23R, 2013, 19
(1):150-157.

[5]  Foi, BRI, 2 f, 5. U IURFE A KR B B B 75 KRR &
JLRFFEHE R[] 8527, 2015(7) : 30-33.

[6]  HRAL, 2R, AR, 25 L K HE 25— R Ahsx o AR Kok & A
FESL AR RS ] AT R AL, 2020, 61(1) : 67-69.

[7]  VbREge, SEEF VLU . R R BR AR AEUR) 5 e A e e 4% it
R VU AR ] AR, 2018(5) :29-33.

[8]  BEZFMBHE, Tk, 45 KL — R AL B AR P8 I B B it 5
HISZMA[)] . 22 BRI R ,2018,46(25) : 116-118.

[9]  Thr, FF IS, = 5247, 46 K GURE-& R vb 3 3 T BB Edk
B K K R RS2 A (0] . 45 7K BBk, 2022(7) : 58-64.

[10] 535, ST, SALW], 5 KB A X FR N E T 2 51
MRE R IE R[] AEP 445, 2022(4) :242-248 .

(111 FESCHL, RZEL, B, S KB G0 DR e &8 B
ZEF ORI TR R R ] T 223, 2022,49(7) : 1491-1504.

[12] FERIG, S, A4, 55 AN R K SO AL 0T 7 i 52 3% K AR LR
4 B = B s ] 0 R Ak 4, 2022,35(5) : 1079-1088 .

[13] #HER, HKE B HEEKER ST IR B AE R

- 108

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

W ST K% 7K SR P 2R (R S ML 0] AL 97 5 R 244, 2011
17¢1):160-165.

JAFE G 3 R KBRS A RS B v ORI LI 72 [D]. Bk
Pt PHALR MR %2, 2015,

FREEE SRS, m PR K IERS G X AL & 3 SR A 1
KARTEAE R FE[I] .+ S IX RV 78, 2004,22(3):47-50.
T OAFRDKE ST Bt = AR A 5 & m it 5 [D].
BRI - LR MR K52, 2019.

AP ARRA KB G XS &N RIS [T]. T KR
2012(4):1-4.

ok, B A, TR, &5 TR G TOG &1 F 405 2 K
ARG AL S TE[]. ol TRE 54K, 2016,32(20): 129-136.
e R AR, AR L K GRS b T T A AR e (R s ] o [
AN SCAR-AR Y TFE,2024,36(1) : 41-45.

Wi, Ehelg, 7%, 55 KB EAER 5+ B 5 5 IX 1 it v I
R 7 R SR IRSOR I s [] . 4 b R 4, 2024, 39
(4):154-161.

FESRBE, TR, A, 45 K BUs BEX NGB W i A e A
R[] B A2 453 ,2024,35(6) : 1564-1572.

HUSSON O. Redox potential (Eh) and pH as drivers of soil/
plant/microorganism systems: A trans disciplinary overview
pointing to integrative opportunities for agronomy[J]. Plant and
Soil,2013,362:389-417.

TRTEIE, 5w A, SR, 45 L 3 ¥ e D K S S 5 S0 i = 7 il
B FORK &R B 52 (D). op [ ROE R, 2015, 48 (4)
713-726.

AT, BB, 1 T, S L KRR — AR Ak N K R R &
REVEM 2R [I]. B AEAS 544, 2019,30(4) : 1170-1178.

IRAS BB, RER TS , 45 K BN B b & /N 2 -5 oK Fh
R R R R e 2 U0k B R sl [0 b e 241
2011,26(4):153-158.

B it T B A [ it xR DX R B 3 = L U
FH 28 % il B B S (] A8 37 5 R R 24, 2009, 15(1D
151-157.

TR, TR A, SRAE AT, A KRB A R X i 5 VR e S R AR
e KR B 5[] F SR X RO BIE AL, 2017, 35(4) ¢
103-109.

FhP, By R B . A EE R MEE K R LA G TG St T
FeaK & A 0 B2 m (], B2 AR 3 24, 2015, 26 (12)
3715-3722.

TG, kg, YOI, 5 L /K G B X B0 At k39 T
JCR R BRI A 7 [I]. 637K 55, 2024(5) : 6-13.
2T, SR, ZEAE , S AN DK s B ont ) IR
B T T KPR B RS2 [0] . A IR B R 2524R , 2017, 36
(4):799-807 .



