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Effects of Rainwater Harvesting Irrigation on Yield and Quality of Tomato,
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Abstract ; To investigate the effects of rainwater harvesting irrigation on protected vegetable production in the
Yan’ an region, tomato, muskmelon and watermelon were used as experimental materials. The effects of ground-
water irrigation (T1) , mixed groundwater - rainwater irrigation (T2, 1:1), and pure rainwater irrigation (T3)
on the yield and quality of the three protected vegetable crops were comparatively analyzed. The results showed
that the electrical conductivity ( EC) and water hardness of mixed water and rainwater were significantly lower
than those of groundwater, with reductions of 33.7% - 69% and 38. 7% ~76. 8%, respectively, indicating that
the water quality conditions were more suitable for crop growth. T2 treatment significantly increased tomato net
photosynthetic rate (13.5%), yield (47.2%) and lycopene content (61. 9% ) ; muskmelon whole-plant dry
matter accumulation (47.4% ) and yield (13.7%) ; and watermelon net photosynthetic rate (14.5% ) and yield
(19.8%). T3 treatment significantly increased tomato chlorophyll content (26.6% ) ; muskmelon net photosyn-
thetic rate (13.9% ), chlorophyll content (58.5% ) and soluble solids content (16.2%) ; and watermelon net
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photosynthetic rate (17.4% ) and yield (48.4%). Groundwater and mixed water were beneficial for improving

tomato quality, whereas mixed water and rainwater were more beneficial for improving watermelon and muskmel-

on quality. Mixed water and rainwater irrigation significantly reduced the electrical conductivity of the cultivation

substrate (by 27.0% - 64.6% ). This study confirms that rainwater harvesting irrigation technology has certain

application value in the Yan’ an region, as it improves water resource use efficiency and promotes high yield and

quality of protected vegetables.
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R T B T DG i DX R K R ) A B
HEAT TR (HAE R B IX G T Bt ARl 4R T 3
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WU E] A 2024 4E 2~6 J, Hb S 00 TREPE S
FE 22 T PG I AR BB R 2R B R il (db 4 36°
73 AR4109°407) XA AERS N 11 m, KJE
100 m 1 H IR 2 A R F R SRR 4 | i oA g
50 cm, K 10 m, R 25 cm, #8 AR 1 m; 365 AL 4)
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B2 H 29 H RFHSATEM , REEA 15 em, &3
26 J 29 HRIHIB, Wi AL S it il &=, >R
FHKRE— kA5 2

PR 2 A4 ) A ¢ Il Y5 B ( Solanum

lycopersicum L. ‘Lisha’) ¢ #3247 5 P4 )X ( Citrul-
lus lanatus ( Thunb. ) Matsum. et Nakai ‘ Sumeng
77 ) Fi ) 1956 FfIR ( Cucumis melo var. makuwa
Makino) ,
1.2 A&t
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WPE (Ci) AL (Gs) FFdEbR, MR & HIR3
PR G B B R £ BE— TN R 4R AT
L2482 o PSR E b KHE P&,
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JNE R G AR A, V8 IR 38 38 43 0 R A, DI
RA Y SEAT f Bl i, IR F8 BCR A bR R R
DNt | AT 1T 0 RO I B R P o 45 o el o
I B LR R ] NaOH %58 , 4E4E 2 ¢ SR H4H
W Ek AR S R H,S0, Kz b
SR RN AT 5 e SR P O e (k) et 4

R - s s
1.4 HiEaiE

JH IBM SPSS Statistics 27 #EEFT 808 A0 L,
i One-Way ANOVA J5 2250 #r, 1.SD #6556 4% &b #
Z I P25 Origin 2024 B AF A T4 K

2 HREH

2.1 FRKJGREK HTKKRANE

Xof A [i) Ak R 14) 8 JBE 7K S5 A — A~ H Sy S S0 0]
HIWEhS, R INER L s, 4 H1HSHLH
e A 1 HIMER EC B A (R G 7K FE K
PSR TR K, EC AT E M TR AT
35.02%F1 71. 67% 34. 46% 1 70. 54% 31. 55% Fl
64. 67% ; i BEAEI] 7333 FAIC T 38. 23% F11 76. 66% |
41.67%H1 81.08% 36. 07% 11 72. 61% , IRA/KHI
7K E pH {E7E 3 UK 45 5 v 38 = T R K
K JRA KT KA COD {E A1 BODS {HI4F
A E AR T K AR

R1 FMAGRAEKMTAKER

MEBH(A-8)

AR A
4-1 5-1 6-1
WK 2 330. 00+0. 00a 2 420.00+1. 00a 2 133.33%5.77a
EC(uS/cm) A K 1 514.00+1. 00b 1 586.00+2. 65b 1 462.00+1.73b
Ak 660. 00+ 1. 00c 713.00= 1. 00c 753.67+1. 15¢
WK 499.530. 32a 463. 13£4. 40a 406. 34%8. 14a
A% (mg/L) A K 308. 57+3. 88b 281.38+2. 65b 259.78+1.65b
Ak 116. 60+0. 78¢ 109. 50+2. 06¢ 111.30%1. 50¢
T K 7.40+0. 03¢ 7.40+0. 04dc 7.50£0. 00c
pH 14 A K 8.11x0.02b 7. 80+0. 09 7.93£0. 06b
K 8.50+0. 05a 8.50+0. 13a 9.07+0. 06a
WK 19. 67+0. 58a 17. 67£0. 58a 25.67+0. 58a
COD(mg/L) A K 18.3320. 58b 12.3320.58b 22.67+0.58b
Ak 13. 67£0. 58¢ 5.33+0. 58¢ 10. 00+0. 00c
WK 7.60+0. 10a 6.27+0. 06a 10. 1020. 17a
BOD,(mg/L) Ak 6. 83+0. 06b 4.07+0. 06b 8.47+0. 06b
K 4.77+0. 06¢ 1. 80+0. 00c 4.10+0. 10c

2.2 EWMEMNEM HNAMAREKERY
=210
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k2 frs, WA E T2 A1 T3 B3 & T T1,
I T 6.91%F 4. 85% , Hirh T2 L i & T
T3, Z5HL T2 A1 T3 #B 3 & T T1, 2l 8 m T
12.07%F1 10.29% ., &K= 258 T3 B3E

FT1, 05T 9. 05% 1 15. 20% , 5 T2 %A
FEES PEIRBIREE T2 A1 T3 BE S T TL, 4
BN T 5.38%H13.55%, XM T2 BEET T,
T3 A BEEES,
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T1 FI T2 38 & T T3, 25 Fd 45 4b 2 2 el 8 A7
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EMER R T2 BEET TL T3, 205 T2
FE T T AT BT 24.93% 11 16. 49% , X &
T BRI R T2 B S T T1 A T3, 25K
QPR (R W 25 e, T3 W S T T 2R
SET2 WEE T T, ek T2 BEE T T, T
34. 56% ; Xof It IVEE T BB AR 2RI T2 8 35
T 1,000 T1 A T3 FEARANZE %A B2 S  H
EM BRTE B TR H, R A R EER,
SRR T2 BESET T OM T3, 8T 21. 02% Al

®2 SEWERNEN HINELZFZESREMNKSEM

17.86% . XERA B 475007 , AR AT T2 F1
T3 WEET T1,25%AF B EME2ER, BRI m etk
T2 #8425 T TL MT3, Hor, &k T
47. 43% N 32. 89% ; XF PG JRIFEAT 4B , A [A] b HAR |
SRR ER T i DL VG AR (25 i SRS ik
TR R 2 S (A AR I AR S B BT
T2 BEFEE T 13,5 T1 T3 Z &4 B E ¢
Z5,

sEA)

ME AR &/ em £/ mm /g %/g /g Rg AH/g
T1 186.37+2. 81c 14. 13+0. 66b 57.84+1.53a 315.58+5.60a  1154.30£129.60a 2 799.39+£277.56b 4 327.12+228.51b
V) 199. 87+1. 08a 15. 58+0. 70a 58.59+1.95a  341.64+20.28a 1 122.41+133.34a 3 883.27+110.78a 5 405.90+166. 74a
T3 193.20£3.86h  15.83+0.33a 52.64+2.56b  317.72+10.74a  1223.76+46.55a 3 046.62+292.07b 4 640.74+329.03b
T1 217.33+4.65b 8.80+0.57b 10. 110. 66b 113.38+6.37h 269.75+19. 1¢ 1 314. 14£153.57a 1 707.38+170. 19b
MIN T2 226.1747.29ab  9.15+0.43ab 12.70+0. 98a 134.27+5. 56a 428.11+7.28a 1 491.20£101.78a 2 066.27+101. 56a
T3 235.18+6.34a  10.13+£0.55a  11.50+0.60ab  120.64+7.01b 384. (4+15. 62b 1236.92+49.15a 1 753.10+50. 55b
T1 203. 266. 02b 6.93+0. 14b 8.050. 43a 67.23+4. 40a 197.29+15.54ab 1 003. 33£100. 66b 238.89+62. 12a
BN T2 214.20+2.58a 7.54+0. 10a 9.68+2. 06a 78.39+6. 36a 237.66+28. 82a 1 330.00£112. 69a 284.91+82. 46a
T3 210.48+1.32a  7.19+0.34ab 8.28+0. 4a 66.26+4. 33a 165. 96+12. 45h 1 103. 33+120. 55h 215.8777. 02a

TE R P RSB 5 AN /NG TR R A BRI 22 5 .35 (P < 0.05) R[],
®3 WM TKMARERLLGE HAMELERETRENZIT

G P /g %/g w+/g /g 2H/g
Tl 5.23+0. 41b 43.45+0.98a 177. 49+6. 34h 190. 06+6. 09¢ 416.24+12. 28¢
& T2 5.9120. 15a 45.92+1.20a 193.07+13.36ab  315.19+23.97a  560. 10+34. 65a
T3 4.82+0. 16b 46.34+3.27a 203. 64+8. 36a 233.60+15.33b  488.40+16. 83b
Tl 0. 88=0. 06b 10. 30+0. 65a 33.30£2. 05b 74.53+7.83b 119.019. 23b
N T2 1.22£0. 06a 10. 1420. 28a 45.38%3.20a 118.73+5.91a 175. 46+8. 12a
T3 1.23+0. 14a 9.56+0. 88a 46.49+5.77a 74.75+9.61b 132. 03+5. 38b
Tl 0.78+0. 07a 6.37+0. 09a 29. 110. 47a 50. 15+6. 40a 32.02+3.67a
L))\ T2 1. 12£0. 30a 7.08+0. 63a 34.78+2. 60a 50. 43+5. 39a 37.70+3. 82a
T3 0. 82+0. 04a 6.22+0. 35a 28.88+3.71a 51.41%5.47a 31.52+2.53a

2.3 SEWMERNEM.HINMALLSHFEN
=AY

AN [ A B e 5 ORI P TG A S A 5 1
3k 4 PR, Fohingot & BB AL SR T2 &
FHim T TL A T3, ATE - T 13.53% 1 13.23%,
T2 FIZEIE R 2 3 T T3, T1 AHAb AL PR AT &
EEES M AR vk B A A B A
Z5 . EURMZER HR oA iR SALSEM
JH ] AR Ak ek B 2 R B MR T3 A BB ey, v i

AR T3 8 T1 M T2 43 B3R TF T 13. 86%,
16.05% , P4IRAYZE 1 3 A8 AL B2 R i) — 40
fRRRH T T3 Wb R T T1, o Gl R KN
T2 F T3 fefm, 8 T IEIN T 14. 46%F1 17. 44% .,
W 4 PR TR LE R a 25 5 4% 4b 2 ) 1%
AU RrE2ER JEHE N RS T M iR, 4k
Kb HEMHE(ath) TR M T3 BERT
T1, e RS BATEREE BRI T 38.55%
26. 63%, M4 % (a+b) & & W & 24. 23% F
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18.92%, MURMH4EE b &8 ,T3 BF ST 11,2
B P RSET2Z BES T TLM T3, MK a &
TFIM42 (a+b) & T2 M T3 B35 T 11, 0
LE (a+h) FEBEANT 54. 02% F1 58. 54% , PR
T2 AbFHAE T1 F T3 AbBEA S PERIN, 4R K a,

M4 b FIERE (ath) &= IA PTG, ot
K (ath) HHEBEINT 41.76% 30.94%, i
NE SR T2 ACBEES T T1 AbBE, T3 1 H Al 40 3 3%
A EEZESR.

R4 EWEBRENHRMERESHENRm

Eam AR ET  AAREPn BIE CO, REC AAFEGCS wgEZfas® 18Eb4% RHY N E4F rH4E(ath)
(mmol/m? +'s)  (pmol/m* +s)  (pmol/mol)  (mol/m’ +5) (mg/L) (mg/L) (mg/L) &F (mg/l)

Tl 12.79+#2.40ab  15.08+0.21b  322.14=13.42a  0.53:0.12b  22.18+1.3la  9.65:0.99  5.30:0.25%a  31.82+1.68b

Fab T2 15.32:0.28a  17.12¢0.13a  328.82+1.57a  0.69x0.02a  26.160.66a  13.37:0.34a  3.70:0.11b  39.5320.6la
T3 9.98+0.36b  15.12#0.12b  310.95:1.73a  0.40:0.02b  25.62#3.43a  12.22+1.58a  3.86:0.85b  37.8424.75

TI  7.40+0.77b  17.46:0.76b  281.20+8.39b  0.31x0.055  19.26:1.49  7.11x0.80c  5.0420.15b  26.36+2.17b

K T2 7.77:0.42b  17.13:0.12b  290.79£3.50b  0.34x0.01b  28.74:0.63a  11.86+1.29b  6.95:0.66a  40.60x1.13a
T3 14.09¢1.23a  19.88%1.26a  328.19+2.7la  0.7740.07a  28.13x0.09a  13.6620.17a  5.81:0.04h  41.79+0.22a

TI  8.0120.40c  16.46x0.92b  291.73%3.59¢  0.3320.03c  13.66:0.58p  4.7320.25h  4.28:0.37h  18.39:0.81b

AR T2 14.09£1.24h  18.8420.40a  320.59+3.06b  0.64+0.05b  19.09%¢1.27a  6.98+0.67a  5.24x0.33a  26.07+1.%a
T3 18.35:0.18a  19.3320.38a  338.08#0.69a  1.01x0.0la  14.83+1.22b  5.09¢0.14b  4.7820.39ab  19.911.32h

2.4 EWEREMN.HKFER~ZE20%Mm

AL TV TR 50 L SHTURTG I i A R IR AN 5
B, HERS ATAIFE SR E I T2 BT
T1 A1 T3, 34007 44. 89%F1 31.36%, Hkkr=& T2
BT R ERIN T 47, 18% , T2 F1 T3 Z A1 %A i
EVE2 S KR 55, SR AR R Y
T2 Kb EE B ROE, BT T AT
21.64% ,T3 SHAAL PR A B & M2 5, xR
PR AT B E R R i T3 BT T A
JNT 48.43% T2 T T1 WERANT 19.83% . Xf
SERIEATAHT, 5 T T /KT ) A, T2 (TRA
JKHERE ) F0T3 (FI /K HEE ) W 8 Tt 1 B R

TR A=
x5 EWMEBRNER.HINMAER=2 R0
FrE AR ¥RE/g BRREE/ g
T1 100. 23+11. 20b 2 250. 80+398. 37b
% T2 145.22+16. 56a 3312.77+£117.28a

T3 110.55+5. 62b 2 907. 95+405. 88ab

T1 308. 24+33. 55b 1 232.94+134.20b
#HIN T2

T3 354. 88+36. 97ab

374.93+20.22a 1 499.71£80. 87a

1 419. 52+147. 89ab
T1 1 049. 00+69. 99¢ 1 049. 00£69. 99¢
"N T2

T3 1557.00+151. 66a

1 257.00£109.55b 1 257.00+109. 55b

1 557.00£151. 66a

2.5 EETEBXTE MR EH A EK &R m

T 7RI DT 7K 8 AN [ VEE B L % 286 5 L IR
PO BRI AN 3R 6 iR, i A4 A1
HLIR & A S A A B A Z AL F R 5 3%
P25, T2 ALBRAT AP E TR P 1 A S o o
T3 AL FR A BIBAIN 3. 54% F1 5. 69% . AER LI
4k C S EFRIN T1 R T2 Zb PR 25 T T3 kbR
TLRT T3 8N T 7.97% 1 21. 74% , T2 % F T3
BT 7.69% 1 17.39% , &£ R & & Anl %
PE R AR RN T2 Ab IR 8 T1 AP AN T
61.90%H128.57%.,

SFEREEAT 2347, T2 A1 T3 Byl v B &
SR AT O B i R T T, A0 R AT
B W & AT )5 0 3 1 13. 68% Fl
16.21% , ATV b & & 43 3G i T 25. 85% i
20. 14%, #AEEZ C S HERIM M T1 B i AR
T T2 T3 B4 1 16. 04% Fl 16. 46% ., HFIEF8
B APR38R 5 o RO R L et 2 1
25

XTPU AT 20T 4R 2R C SRy T1 &b
PR, B0 T3 WE N T 35. 14%, T1 BYBEIR b
BEm T T2 A T3, 5 & s & 0 0l 3 m 17
13.04%F1 15.12% . FIEPEEHES R T2 BE S T
T1,HM T 18.22% ., AIEPEEIE Y& &  RIE T
AR & GO A B EEES
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R o6 SRR B &R R

SE nm Rmak THE . GAEC  Hauk HER A ARAE  TEEEE
/% (mg/g) (re's) (mg/g) /% /% /%
Tl  0.86+0.02a 6.63+0.06ab 11.38+0.33a 0.3620.0d4a 215.66+58.60b 1.14:0.08a  5.91:0.23a 4.54+0.10ab 3.15+0.08b
%% T2 0.89:0.03a 6.7320.06a 11.35:0.20a  0.54x0.02a 349.16+50.68a 1.12+0.19a 5.52+0.56a  4.6420.10a  4.05%0. 11a
T3 0.88+0.04a  6.50£0.10b 10.5420.11b  0.46x0.02b 274.07+26.37ab 0.88+0.14a  6.24+0.2la  4.39+0.05b  3.7420. 54ab
T1  0.97¢0.04a 10.67+0.29b 12.96+0.28a  0.56+0.03a \ \ 1.4350.22a  4.03+0.57a  5.61+0.08h
K T2 0.98:0.02a 12.130.12a 12.76x0.88a 0.480.01b \ \ 1.53+0.12a  4.37+0.33a  7.0620.62a
T3 0.95:0.05a 12.40:0.20a 12.65:0.93a 0.48:0.01b \ \ 1.64+0.07a  3.93:0.29a  6.74+0.45a
Tl 1.06£0.05a 10.90+0.10a 37.62+1.49a  0.5+0.03a \ \ 1.0740.20a  3.87+0.15a  7.19+0.68h
R T2 1.02:0.05 11.10£0.95a 33.28+2.41b  0.4420.01b \ \ 1.24:0.04a  4.1120.31a  8.50+0. 10a
T3  1.04£0.05 10.57+0.32a 32.68+0.78b 0.37+0.03c \ \ 1.07+0. 142 3.910.16a  7.8320.27ab
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