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Effects of Irrigation Amount and Frequency on Photosynthetic Fluorescence
Characteristics, Fruit Yield and Quality of Drip-irrigated Greenhouse Tomato

BAI Zhentao ZHANG Hongxin FAN Junliang CAO Hongxia LI Zhijun ZHANG Fucang
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; In order to optimize the irrigation system of tomato under film drip irrigation in solar
greenhouse in Northwest China, two experiments in spring and autumn in 2023 were conducted, four
irrigation amounts (W1: 125% ET,, W2. 100% ET., W3. 75% ET,, W4. 50% ET_, ET, is crop
evapotranspiration) and three irrigation frequencies ( D1 every 4 days, D2: every 7 days, D3 every 10
days) were set, and the effects of irrigation amount and irrigation frequency on soil moisture content
distribution, root architecture, photosynthetic fluorescence characteristics, yield quality and water
productivity of tomatoes were systematically evaluated. The results showed that irrigation amount and
irrigation frequency had significant effects on root architecture, photosynthetic fluorescence
characteristics, yield quality and water productivity ( P < 0.05). High-frequency irrigation ( D1 )
significantly increased the soil water content in the O ~60 c¢m soil layer, and the soil moisture content in
autumn was higher than that in spring. Appropriately increasing irrigation amount and high-frequency
irrigation was beneficial to the growth of tomato roots, improving the photosynthetic fluorescence
parameters of tomato leaves, and thus promoting the improvement of photosynthetic efficiency. The total
root length and root surface area of W2D1 treatment were significantly higher than those of other
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treatments ( P < 0.05), while excessive irrigation was not conducive to root growth. The net

photosynthetic rate, maximum photochemical efficiency of the photosystem, actual photochemical

quantum yield of PSI and relative content of leaf chlorophyll in the W2D1 treatment were maximized.

Appropriately increasing irrigation amount and high-frequency irrigation could increase yield (5.74% ~

57.78% ). High-frequency irrigation could improve water productivity, increase soluble solids content,

vitamin C content, soluble sugar content, and titratable acid content in tomato fruits, thereby improving

tomato quality. A comprehensive evaluation of underground root characteristics, leaf photosynthetic

fluorescence parameters, yield and quality, and water productivity by using the TOPSIS multi-objective

comprehensive evaluation method revealed that the W2D1 treatment had the highest relative similarity in

comprehensive indicators, resulting in the optimal comprehensive evaluation. The research results can

provide a theoretical basis and technical support for the formulation of efficient water-saving irrigation

system for greenhouse tomatoes under mulched drip irrigation in Northwest China.

Key words: irrigation system; drip irrigation under film mulch; tomato; root system architecture ; water

productivity ; comprehensive evaluation
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Fig.1 Average greenhouse temperature and reference
crop evapotranspiration (ET,) during spring and
autumn tomato growing season in 2023
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autumn tomatoes in 2023
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Fig.3 Effects of irrigation amount and frequency on soil moisture content in tomato root zone
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Tab.1 Effects of irrigation amount and frequency on tomato root characteristics

e B/ em BARF A cm? FHIMR AR/ mm SRR em? TR/ g

B Bkt B Bkt A Bkt B Bkt B Tk
W1DI1 9108.01° 5020.77* 1780.40"  531.46" 1.03%¢ 0.71% 21. 41" 8.07" 4.21" 1. 96"
W2D1  9498.71*  5360.28" 1869.08"  592.22° 1.08* 0.74* 23.35¢ 8.80° 4.62° 2.21°
W3D1 7360.03¢ 4242.36° 1478.18“  500.97" 0.93% 0. 682 19.79* 6.41% 3.86° 1.75%
W4Dl  6988.76° 3531.69% 1350.30%  428.34% 0. 86 0. 58 18.01° 5.36% 3.47% 1. 62¢
WID2  8225.07" 4215.00¢ 1710.08"  486. 86" 1.01% 0. 65" 20. 14° 6.95¢ 4.13% 1.87¢
W2D2  9171.69* 4673.54> 1809.74® 525 43" 1. 04 0.72% 21.51° 7.28¢ 4.28" 2. 14
W3D2  7176.66% 3802.17% 1474.66*  444.76 0. 89 0. 64°¢ 16. 044 5. 88¢ 3. 60 1. 64°
W4D2  5860.53¢ 2921.17% 1337.72%  380.99¢ 0. 82% 0.52°¢ 14.30"% 4. 808 3.24¢ 1.45%
WID3  6560.269 3340.23<7 1381.40°% 434,619 0. 96 0. 63 16.22¢ 5. 66 3. 69 1. 64
W2D3  6763.780 3862.24« 1513.71°  520.11° 0. 99"« 0. 64 17. 86 6.25% 3.80° 1. 88«
W3D3  5692.53¢  3120.93<" 1291.89°  411.44% 0. 86 0.61¢ 14. 84 5. 341 3. 420 1.47%
W4D3  5206.33° 2671.238  1269.34°  263.53' 0.798 0.50° 12.75¢ 3. 40" 3.19f 1.368

F D Kk sk sk XY sk sk Kk sk EEY XY
W xD * % %

WA R NE R R R A B 22 57 3 (P <0.05) , # R (P <0.05) , s Rl % (P <0.01), FE,



682 P

e AL B

L
&2

i 2025 4F

2.3 EKEMERRERNEMHA XGRS
spAG!

VRE 7K St R R AR ) 5 2E FOBKEE T i v e
RNESHIHA WM B EFEm (P <0.01), ~&EXH
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FHEM R Gs(11.75% ~40% ) (P <0.05), 5 D3
ACFRAR G , B A% 2 2 R i A Gs (14, 32% ~
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NPQ(3.70% ~7.88% )., FkK#F A NPQ “F-{EH K
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Tab.2 Effects of irrigation amount and frequency on photosynthetic fluorescence parameters of tomato leaves
Pn/ Tr/ Gs/
Fv/Fm OPS Il NPQ qP SPAD
I (pmolem ~2+s 1) (mmolem ~2+s~") (mol-m2-s7")
wHE O OBAE FHE OBIE FE OBRE EHE OB OBHE M BHE K B B B
WIDI  23.32" 18.36" 11.29" 10.41* 0.52" 0.48% 0.82" 0.80" 0.41™ 0.36> 1.62% 1.76° 0.63" 0.60" 58.02" 52.03"
W2D1  25.58" 19.99* 12.24* 10.92* 0.55* 0.52° 0.83* 0.81* 0.43" 0.39° 1.47° 1.65' 0.65" 0.62* 61.01* 54.73°
W3D1  20.68°0 16.03° 10.30°! 9.34¢  0.46% 0.40°0 0.811 0.79°)  0.39¢ 0.34% 1.77° 1.85¢ 0.60° 0.55° 56.8°) 50.65°
W4aD1l  17.29¢ 12.71¢ 9.67°  8.04°C  0.41" 0.367 0.80% 0.78 0.37% 0.33" 192 1.95% 0.57°7 0.53% 5500 48 2¢
WID2  21.76° 17.76" 10.73¢ 10.00® 0.50¢ 0.47° 0.81c 0.80™ 0.39¢ 0.36" 1.73°¢ 1.86% 0.61° 0.58" 57.52¢¢ 51.58%
W2D2  23.26" 19.32% 11.63" 10.44% 0.53*% 0.50* 0.82" 0.84* 0.42> 0.37" 1.60° 1.76° 0.63" 0.59" 59.26" 53.17%
W3D2  19.27% 14.92¢ 10.07% 8.79° 0.44% 0.37% 0.80% 0.79% 0.387 0.337 1.85% 1.87° 0.58% .55 55.32°" 49, 65
w4D2 15,670 12.06"  9.220 7.52% 0.38#" 0.32% 0.79% 0.78" 0.36" 0.31%8 1.99% 1.99%> 0.56" 0.52¢0 54.02% 46.53%
WID3  19.26% 14.46°! 10.05% 8.42% 0.42¢7 0.40°¢ 0.81°! 0.79% 0.39% 0.34¢ 1.80° 1.91° 0.58% 0.55¢ 56.29 5012
W2D3  20.20¢ 15.15¢0 10.62¢ 8.74°0  0.47¢  0.42¢  0.81° 0.79¢ 0.39°) 0.35¢0 175 1.86°Y 0.59° 0.56° 57.47°¢ 51.12%
W3D3  17.77° 13.74%  9.477 8. 14d°" 0.40% 0.36% 0.80° 0.78 0.37% 0.330 192 2.00" 0.55% 0.51% 54.3% 47 63
w4D3 15020 11.50° 8.67¢ 7.095 0.37" 0.315 0.78% 0.78" 0.35" 0.31®8 2.03* 2.05* 0.54%8 0.50% 53.29% 44.68*
W xD * * * *
2.4 EKREMEMMEXNEMTERRSKSE HEFEEFARE(P>0.05), SEEKEMLL,

Yl oA

FH e 3 A T /K R R A S o e A R T
e PTEEEIEY) &  4EAE R C A AT TR
S A E R & WP IWP Y BA W W
(P <0.01) , HEAKEXPHER L &2 il 2.3 (P <0.01) ,
TEWEAT R R LL 52 (.35 (P < 0.05) , 7 i il
TR PG I 2 e B a3 b BRI o A
FIFIREVE K S 38 g AR, L S ROK A3 A
SR R IEAOCCR . W2 W3 Fl W4 bR
AHER T EZEFARE (P >0.05), KL &
FREEF= B LB AR 66. 87% . 5 A E /K B Ab 3AH
Fo, W2 A PR R R R 5.74% ~57.78% (P <
0.05) ,W2D1 b3 = fr i K, 8 A 2 A F) T
PEEFRMEA 5 D3 AL, D1 A D2 Ab PR
=Y R K 18. 08% F19. 05% |, i FkFE D1 1 D2 4b

W4 fb P b 25 68 I 2 i SR SR AT A M D 4 e
(3.09% ~12.29% ), DI AbEIFEIEGEEE C S EE
D2 b PR 5.20% , %% D3 AbFIG K 11.53% , W4
LT RT VA A e e, WL W2 W3 b B4 W4 S
S 21, 46% (10. 62% (6. 67% o 8 JINEE AT A
FZIRE T ER S8 (1.74% ~3.37%) (P <0.05)
HETINE K G AR ] S R SR L (1. 97 % ~
5.39% ) (P <0.05), 575 (Wa KB ) A EL , 14
TNTEE K & B 35 A WP (11.77% ~33.12% ) Fil IWP
(29.67% ~101.24% ) (P <0.05) , #k#E WP “F¥{H
ARG 49. 1% o i LB e S mT o 5 2438 n
TR 7K 2 R e AR TR T 7 R (5. 74% ~57.78% )
T AR ] B s 7K A3 A 7 7 M TN i SR S B AT
PRI A R C nl i bErE |l TR 7 2, A
T
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F3 EKEMERMENEMTEMRRSKSEF TN
Tab.3 Effects of irrigation amount and frequency on tomato yield, quality and water productivity
- I R A2 ) fir: & CHE/ RaRin HER P ) i ) _3
- PR/ (t-hm 72) P (mgks 1) sy P TR L WP/(kg'm ™) IWP/(kg-m ™)
WIDL  131.85% 47.20% 5.56% 4.97% 188.20% 150.75¢ 2.76% 2.54°0 0.27¢0 0.31% 10.30% 8.29¢! 35.36% 21.41°% 35.69' 16.70°
W2D1  136.78" 50.10* 5.95"¢ 530" 206.93> 165.73" 3.19* 2.95 0.30™ 0.34> 10.67° 8.70" 46.90% 24.74<! 46.28" 22.15%
W3DL  118.22¢ 40.12¢¢ 6.14>  5.53%> 214.42169.48%> 3.27*" 3.10®> 0.31® 0.35® 10.71* 8.81%> 49.42°! 26.03> 53.33¢ 23.65"
W4D1  101.22" 31.61% 6.36° 5.73° 223.78° 178.84° 3.39° 3.29° 0.32° 0.37° 10.75° 9.00° 58.89* 29.02° 68.49° 27.95°
WID2 122420 43,12 5.36%" 480" 175.00° 139.51% 2.67¢ 2.32% 0.26% 0.29° 10.14> 8.04% 33,198 20.16% 33.42" 15.13°
W2D2  128. 14" 45.85% 567 5.10° 197.57°0 152.62° 2.92% 2.81°1 0.28% 0.33" 10.38% 8.49 45.07° 23.07% 43.73¢ 20.10¢
W3D2  110.25¢ 36.19% 5.89° 530" 205.06" 160. 11> 3.04°1 2.92% 0.29°0 0.33" 10.51® 871> 47.05% 23.76° 50.16° 21.16%
W4D2  89.92¢ 29.35% 6.06™ 5.60° 214.42%169.48%> 3.19 3.07*> 0.30% 0.35® 10.69* 8.78> 53.07° 27.51% 61.36> 25.74%
WID3  106.76° 34.51°C 5.20" 4.37¢ 165.73" 132.02° 2.49" 2.23¢  0.255 0.28" 9.95¢ 807! 20.69" 16.45" 28.86¢' 12.21
W2D3  116.82% 37.06% 5.44%5 470" 184.46% 139.51% 2.60% 2,53 0.26% 0.30% 10.19* 8.30°! 41.87" 19.565 39.47" 16.39°
W3D3  103.83" 29.535 5.79% 5.00% 190.07¢ 150.75¢ 2.84°C 2.68% 0.27° 0.31°0 10.41*> 8.53" 46.39° 20.37% 46.77" 17.41°
W4D3  85.935 23.34" 596" 5230 206.93% 167.60* 3.14 3,03 0.291 .34 10.67* 8.77%" 51.54> 22.21F 58.07¢ 20.64¢
WxD
2.5 SZ&EIEM HEAA i, ERE K S Ab 3 rp W2 Ab BT A5 B

AT IR A T R OGHR A A i T A
KA b LI Roe & FOLSH 7 B B K
AP IR R, e RO AR R R AR B 0
B IOCSE 7= IR KA 00 4 D5 21 A4
PP ERR , R TOPSIS J5 5 #EAT IR T T HOLIR %
FALEE AR, SRR G H OG0 B
DUTHE /K BRI E A A A A [T /K B R T
WRH G AN & LR S HEA R 4 s,
FEMBFEY TR W2D1 b B2 A HE4 e i, W2D2
A FRYR 2| 35 E W1D3 b BRI #E WAD3 4b 31 45 5

%4 ET TOPSIS HATFN T RN A BTRRIAE
HEEXNMEEMGEEHE
Tab.4 Relative fit and comprehensive ranking of irrigation
amount and irrigation frequency combinations based on

TOPSIS comprehensive evaluation method

b7 #ﬁ @(ﬁ
XA s MG R HEA

W1DI 0. 542 5 0. 657 3
W2D1 0.708 1 0.818 1
W3D1 0.585 3 0. 624 4
W4D1 0.567 4 0. 509 6
W1D2 0.463 7 0.539 5
Ww2D2 0.636 2 0. 705 2
W3D2 0.470 6 0. 489 7
W4D2 0. 442 8 0. 409 9
W1D3 0. 264 12 0.326 10
W2D3 0. 420 9 0.472 8
W3D3 0.348 11 0.322 11
W4D3 0.391 10 0. 268 12

ORI 5 AN ER 5 4R 4 o AEREEMR AR B, DI
D2 Kb BHAT AT B o AR O 5 BE 2R 5 HEAA

3 itig

DA HE K 1 55 HE R AI 3 AT A 0015 3K otk
B ARG A R A I THE K R RN AR AT T i
HRIX S KR E A W, HizsgmbE 1 )2
DRI . K i (W) & e S E (D1 )
Al O e R RS KR, X5 FENG 45
MIRFFRAE R —B, A LI T = A B 38 5 4
peei e 1] 0 s YN e e & N TR S5 &
LR ER: N N 8 i 073 0 o A 3 N ) S E P 78
BEAR AR FE I8 & UK FE H 38R B /KOR & TR A,
XS FEFE TR HERENER, FHEFMSH
R ZE MG AL, MIRKEE H T B B ARG, SEBRFE
KRR, 3K AR AL,

T K i 5 R A S0 IR = AR RIE S RHIE R
AR RN, EEKWERE T, IRESH
RV B T AR B AR A5 ) X6 K 43 A g i
AR MERRIE . W2 Ab P G B T AR AR (3
i 3.80% ~ 30.81% ) FIAHR JiT & (34 1% 9. 64% ~
34.37% ) M VEWE (W) W S BUR RI8 65 T
26.16% ~39.28% , X AIRERH S W2 Ab B R K53
AT 30501 2 4 LI R 75 oK, A F AR 3R 4 AR L 2T
PR a5 B L B B K O SRR
ZBH AR PEIAZ R P T A K 53, xS
T RTE T IIAER—B, BRAh VAR A I
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S5O0 [RIARE ELAT I SR B T T o AR XK
Gy SRR BNV, R AR 5 2 AR 2 O I
AOHR XS5 A A A I A 4 SR A TR TR,
X A B A2 PR A LR /K A ] S B0 R 7K o B
HI#ES,

TP TR K S R AR T B i T v B A
DB, NIRTHE AR Fint Aot a 7
65 B0 T K R TR AR R v R AURR , LA A
SEHRN 38 BE K S HERN (W2 ) i A AT
FERS T (PST) 62k, fEaE k2 2 A 8, AT 2.
A R AL AR T K B 5 | & AR PR B ]
AN R A BTG PR A T U 3 1o A
TR 1) 3K DS AL UK 3R R 15 & AL IRR
b A, Nmh RS A EFE, X5
BHATTACHARYA %0 {y BIF 5% 45 S — 8, 1 FF K
YR AL R E S O, IR i v A g
T RESEI K 43 B 3k fo T 40 R 1 2k A | S [ 22
A INE 2 AEAREEE R T K R A
AR (W2D1 AbBE) T3 i P Rl AL LA T A
PS 11 Thfe BOBRE AT IL , SEHDEARCRE R KA,

VRE 7K St 5 TR R AT 3 ) e it A BRI it O R 4
HA BN 3 v K 2 (W2) i A
VETE (DY) v S 2 4 i 7 i 7= o, 3 PR Ry 3 e
IR AN SN AR Z 7= K 3 W ad, I L v A TR
HeRs T MR XK A PR Ao , 8 43 O Ak 1 8K 4345 1]
oA ARER AR AR AR LT R A T W
RSEE I B8 7, IO UE A8 56 S i 5 1Y
RS VE Y ek R C B n] i E R B T
IR0, X B 1 5 SR AT, ARG Bk
TR R TERRAR 66. 87% , X 7] AE & I W IR 6 IR
YRR ZE AN BRI BRI & e ) 2
Wz —, 7HER(W4) AR AT LIE WP 5 IWP £
HAAL R 25 29. 67% ~ 101.24% {H H = & B 3%
TRE, BRI, FPEK ST (W2D1 Ab3) AR

KA R T 5B - K a2 i P ]
2Tt

T K B2 5 VAR R 1) A8 BRI A7 A R St
B, ATHERE (D) BREHR TR XK 78 3ehE (L
BSOS T T K A 3 R R A o R (W) ]
AE B AR HOSZBH, 30 AR 3 PR K il
TR T AR 2 (W4 ) BV v 49 g, 475 PR
KA Wi BR S AL S Rk Rl A s X — 4L
HlAFRE T W2D1 AbFAEAR REFAE G A 2L RE o™ i
iR IR, 1 W1D1 F W4D1 Ab B P 4
HEAR Z 7K R A R AR T 43 & 1 v SRR I TS 0 1Y

SR AW FEAN L 4 DK 3 AN R
FEFKPIHIRLS , B Z 22 5 Fp A Z AR KA, AR R T
MR Z SRR, DAIEAG HE A 2 R e vk
e, TS A UK RS R X AR TR
A S Wt 78 TR A ST KNS EAEBLS , i — 20
DAL B3 [ AR 7

4 #ip

(1) FEARHEME (B 4 d JEBE 1 IR) BB 4R IX
TIOR3 FEENE 0 ~ 60 em 2 IS KRB
EWE (5510 d HEWE 1K) £ 13.03% ~26.06% , H.
R TS KRR TR,

(2)100% ET, FE KT E5E 4 d 1 KM
(W2D1 b3 R d &, HR R BK b Gl
R CRGERARIAECR L I PS T SER e fb 2 i
T PO, A B EE (W) P HIAR R AR

(3)W2DI1 b i = 7 i 5 i B L, 5
BRI (W4 ) AT AR K A AE ™ 07 AH 7 i BRI

(4)TOPSIS Z48WnZr G IFEM R W], W2D1 4b 3
WRKE SCERE = a5 T K7 A,
AR R PG DX H G 2 B8 I 2 h 1 7K = e i
T8 VR W E
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