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Effect of water-fertilizer-gas coupled drip irrigation on
greenhouse tomato growth and fruit quality

LEI Hongjun', XIAO Zheyuan', XIAO Rang’, YANG Hongguang', PAN Hongwei'
(1.School of Water Conservancy, North China University of Water Resources and Electric Power,
Henan Key Laboratory of Water-Saving Agriculture, Zhengzhou, Henan 450046, China;

2. College of Civil Engineering , Hexi University, Zhangye, Gansu 734000, China)

Abstract: A two-level randomized block experiment was conducted under greenhouse tomato cultivation with
three factors including 2 nitrogen (N) application rates (135 kg + hm™* and 180 kg + hm™) , 2 drip irrigation types
( subsurface drip irrigation with conventional water and aerated water) , and irrigation rates (824 m® + hm™ and
1237 m’ - hm™) to study the effects of water-fertilizer-gas coupled drip irrigation on tomato growth and fruit quali-
ty.The results showed that continuous aeration, high irrigation rate, and conventional N treatment promoted tomato
growth , increased chlorophyll content and photosynthetic rate, improved tomato yield, fresh weight, and fruit
quality.The aeration treatments increased by 9.81% and 8.63% , respectively, compared to the conventional drip ir-
rigation (P<0.05), and the high irrigation rates increased tomato plant height and chlorophyll content 18.14% and
11.44% , respectively, compared to the low irrigation rates ( P<0.05). The normal N application rate increased to-
mato plant height and chlorophyll content by 6.58% and 8.20%, respectively, compared to the low N application
rate (P<0.05). For aboveground fresh weight and yield, the aeration treatments increased them by 14.93% and
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22.91%, respectively, compared to the conventional drip irrigation ( P<0.05), and the high irrigation rates in-
creased by 27.10% and 41.19% , respectively, compared to the low irrigation amount ( P<0.05) , and the normal N
application rate increased them by 24.89% and 40.87%, respectively, compared to the low N application rate ( P<
0.05). There were positive correlations between plant height, chlorophyll content, photosynthetic rate and fruit
yield (P<0.01). In terms of the average content of fruit soluble solids, Ve and soluble protein in aeration treat-
ments increased by 16.73%,12.13%, and 11.59%, respectively, compared to the conventional drip irrigation.
Total acid in fruit under aeration treatments decreased by 11.44% compared to the conventional drip irrigation ( P<
0.05). While the average value of fruit soluble solids,fruit total acid, Ve, and soluble protein with the high irriga-
tion rates were increased by 16.09% ,17.60% , and 18.99% compared to the low irrigation amount,and total fruit
acid in the high irrigation volume decreased by 16.38% compared to the low irrigation amount ( P<0.05). The aver-
age value of soluble fruit solids, Ve and soluble protein with the normal N application rate increased by 12.65%,
41.81%, and 28.03% , respectively, compared to the low N application rate ,total fruit acid in the normal N appli-
cation rate decreased by 7.97% compared to the low N application rate ( P<0.05).Combination of 180 kg + hm™,
irrigation rates of 1 237 m’ - hm™ and air void fraction of 15% was an optimal scheme for water-fertilizer-gas cou-
pled drip irrigation for tomato growth and fruit quality promotion.

Keywords: greenhouse tomatoes ; water-fertilizer-gas coupled drip irrigation; soil aeration; growth; photosyn-

thesis; yield; fruit quality
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NEB A KL, TE R K8 TIR AT, 73 5 TR A S 44 d
165 d 5B i A A], N, &b B AE B8 135 kg -
hm ™ | N, &b Fit AE &K 180 kg « hm™> ;& LI A1) FH
PR e B EATHEAK 5 B A HE A BRI SC e B A K
BHIAL#% (Mazzei air injector 684, 3¢ [E Mazzei Corp 23
Al SR, B PR AR KA B PRI R SC
BEESHRGFEEHEBRERAR 15%H15
AUK (B 20 min) Yl M TR GUK . &
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AT EE KR, 5 P KT BRAR B B S A A
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Table 1 Experimental design Favas! W ﬁ%ﬂ‘ﬁﬁﬁ\ﬁg{gﬂ(ﬁ (mm) ;A RN XA
=X . -2 T 2 > s >
g BRI CRE =00 g MK HIHRL(2m®) s E, R 1K I @601 7 K& LAY
) itrogen e o e o e "
Treatment application rate Air void fraction  Trrigation rate ?@ZQ%( mm) ;Kp j\j%km% ;}:& , Wl AL[\}EE;Q 0.6 , Wz
N, CW 135 0 82.37 14 by K it e EL
N AW 139 5 % 37 ALFRER 0.9 JEBERS (] MK S LK 3,
N,CW, 135 0 123.71 *x2 BMEEHIS
N, AW, 135 15 123.71 . .
N,CW, 120 0 .37 Table 2 Duration of tomato growth period
N, AW, 180 15 82.37 HEHW EIERE (y-m-d)  BARJER/d
N,CW, 180 0 123.71 Growth stage Start and end date Duration
N,AW, 180 15 123.71 i
. Seedli s 2017-9-27—2017-10-23 1~27
TNy Ny 2 AR E AN 3 EAL B, C A 7350 S = B R TG 24 g ;:Tl;lf;ge
SALFR W W, AR AR K A K e AL 3R] . ‘{ N 2017-10-24—2017-11-8 ~ 28~43
Blooming and setting stage
Note: N, and N, are low and normal N application treatments, re- S e B
e P Rl 2017-11-9—2017-12-16  44~8]
spectively. C and A are the non-aerated and continuous aeration treat- Fruit expanding stage
ments, respectively. W, and W, are the low irrigation and high irrigation Jﬁ‘%ﬂ% 2017-12-17—2018-1-28 82~124
Maturing stage
rate treatments. The same below.
xR3 EBFHNEKE
Table 3  Irrigation volume during crop growing season
g L KA/ d 7K/ mm T s KA/ d HEKE/mm
TR E] (y-m=d) gg JRRE Irrication FEEST ] (y-m—d) B )ﬁ%ﬂ : S
ation f ays after rrigation rate T Days after Irrigation rate
Irrigation time . Irrigation time .
transplanting W, W, transplanting W, W,
2017-10-17 21 4.80 7.20 2017-12-8 73 6.90 10.35
2017-10-24 28 5.04 7.56 2017-12-15 80 5.94 8.91
2017-10-30 34 5.64 8.46 2017-12-22 87 5.67 8.50
2017-11-9 44 9.36 14.04 2017-12-28 93 5.27 7.90
2017-11-15 50 5.04 7.56 2018-01-05 101 6.93 10.40
2017-11-21 56 3.90 5.85 2018-01-13 109 6.27 9.40
2017-11-25 60 5.04 7.56 2018-01-21 117 2.50 3.90
B K &
2017-11-30 65 4.08 6.12 HEK 82.38 123.71

Total irrigation rate
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Fig.1 Soil oxygen diffusion rate (ODR) and soil respiration( R) dynamics under different treatments
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SRR 18.68% (P<0.05) , VLIAMEIRIRS | e
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Fig.2 Plant height dynamic of greenhouse tomato

under different treatments

SIRTAIAL SRR AE R W ok R, SR AL
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14.93% ( P<0.05) , = 7K B AL FRAS AR 7K 2 A B 4 4
15 27.10% (P<0.05) , i A AL FRAAR A AL FEF- 1 42
1 24.89% (P<0.05) , iR E R HAEH Y, ifi & =
S5BAAI it R S K8 R
fief 7 A B B B ( P<0.01) , 485 A0 B 5 9 /K 2 %t
M b AR A Y B E S (P<0.01) . #EKE B
Ao Pt S8 et B A X e oA 7 e B M b 3 R G
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Ab BT A R 1 T n e R b
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Fig.3  Chlorophyll content dynamics of tomato under

different treatments

T4 AEMEBEBEMPSENLESEHEZE/ (pmol - m? - s7")

Table 4 Net photosynthetic rate of greenhouse tomato under different treatments

A J5 FEL Days after transplanting/d

bR
Treatment 49 59 75 90 115
N,CW, 19.83+2.65h 16.95+1.56¢ 16.91+0.69 8.99+0.16d 6.23+0.20g
N, AW, 20.27+1.45h 19.12+0.51b 19.58+0.35d 11.30=0.36b 8.05£0.19¢
N,CW, 20.07+1.71b 20.011.73b 20.68+1.12¢d 11.620.44b 9.14+0.20d
N, AW, 20.72+0.57h 21.9120.98a 21.88+0.29hc 13.45+0.68a 11.09+0.47¢
N,CW, 19.91+2.30h 20.06+1.04ab 19.94+1.57d 10.05+1.57¢ 7.53+1.57f
N, AW, 21.06:0.14ab 20.340.55ab 20.31£0.59d 11.98=0.59h 9.28+0.59d
N,CW, 20.49+0.94h 19.64+1.05h 22.24+0.84h 12.05=0.84b 11.60+0.84b
N,AW, 23.07+0.99a 21.75+0.54a 25.23+0.58a 14.11£0.58a 14.35+0.58a

T R PR - F A AR 22 |, R [R) /NG R R AR B E) 22 53 .35 (P<0.05) , T IH],

Note ; Data is expressed as average value + standard deviation. Different lowercase letters in the same column indicate significant difference among

treatment at P<0.05. The same below.
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VA R B i AT A O BT, S SR LR 6,
TN AR Y O R R B IE A C (P<
0.01) ; A U AN el 5 7= 5 I 3 15 AH
K(P<0.05) s ¥ 5 MR & & LG HUR ™
RN EIEAEX(P<0.01) ,HRE S/ 5508
HRA R W IR (P<0.01) , 0t G R
5 B IEAR S (P<0.01) , U] AR PR
INER A R oA, S M E = At i
24 KB SBEHENEMRIRROZME

H138 7 43 BTl A1 B PAE R | e 7K R R AL 3
AR TR S BT, R EEH T, 53k
WS AL PR Fb | B A B 5h SR S n v M [ R 4
BIHa 00 16.73% (P<0.05) ; SAR/K A L, 7K Ak

5 FRMBHEMENE
Table 5 Biomass of greenhouse tomato

under different treatments

4b FER/ (v hm™) L EFREET/ (kg - hm™?)

Treatment Yield Fresh weight aboveground

N,CW, 16.29+1.01f 19622.00+501.29g

N, AW, 19.51£0.70e 21313.88+601.50ef

N,CW, 22.91£0.59d 21988.94+775.33de

N, AW, 27.34+0.52¢ 24532.00+1062.12¢

N,CW, 22.03+0.27d 20389.31+1267.11{g

N,AW, 28.29+0.41c 23420.69+1459.02¢d

N,CW, 31.81+1.18b 27498.13+1130.48b

N,AW, 39.47+1.04a 34281.50+774.21a

EEMARGIS F{H F value of significance test

HER R 781.262" * 165.350 " *

N treatment(N) : -

Zav . .
Aeratijn t:f;ri%nt(A) 2876127 99.267° "
Inigatiorj/%;iient( W) 7755387 279.015°°

NxA 24.265" " 15.657" "

NxW 26.299  * 77.1327 "

AxW 4.199 10.656 " *
NXAXW 0.023 4.232

W« XBARBEFEME(P<0.05), = = TR P FEME(P<

0.01), FH,

Note: * indicates significant difference at P<0.05; #* * indicates

PHLTR 3t S 55 AT v M DR - B3 T 16.11% (P <
0.05) 5 5 AL FR T it A 52T I P DR M AR AL 3
SR 12.65% (P<0.05) . SAERRS AL FRAH L,
M Ak 3R S R B T BB AIR 11.44% (P <
0.05) 5 S {IAK 2 Ab FEAH Fb , 85 7K A SR SRR B
PRI 16.38% (P<0.05) 5 H AU Ab FLUR 52 B R
T EARA L B AR 7.97% (P<0.05) . 53k
WA AL BRAH HE, BRSO AL PR 52 Ve A& 2 O5F H i
12.13% ( P<0.05) ; S5 K &AL PRAR Eb , &5 7K & b 2
AL Ve B PN 17.60% (P<0.05) ;4 A b B
WAL Ve 5 BB AR A AL B8 0 41.81% (P<
0.05) . SHAEMESALFRAH EL , WA A0 HHF 50 A 3 1 2R
RS S0 11.59% (P<0.05) ; 5% K & &b
FHAH e, g 7K A PSR ST 3 M B 1 T T 2
1 18.99% (P<0.05) ; # A AL #IR S ] s PR 8 1 T
B EBANAR AL B30 28.03% (P<0.05) .

PR 22 28 B4R F v it 0 R AR 3T Ve
i AR A A A R E R (P<0.01)
Jit 281, 2k R 7K X T A R DR WA B S e (P <
0.05) JXF Ve £ 5 R a] ¥ M B 1 0T F i A W I 3
Wil (P<0.01) ; 340 FRANVE /K 2% ] i M B ) 5%
AW E I (P<0.01) , % BIR& B Ve & &
AW (P<0.05) . WK BB AG A =
3 PRI EAE T R 0 AR S5 B G i 35 e (P>0.05)

3 W ®

3.1 KB SEEHENEEEMNEKEERER
aEAl
b UM R AR A U N R
LR G TRER , TR ZE I R 7 A e X
TR & A S 2 A0 13 S
ARDUELHE R W R 28 P 1, VR AR AR i R 5 3 W 2
W 7 R S R DR B, 10K S B0 Aol &

extremely significant different at P<0.01. The same below.
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Table 6 Correlations among soil respiration (R), oxygen diffusion rate ( ODR) ,tomato growth physiology and yield

R TR, AN ATP B A HEM SRR K

Ei=1 7 ODR R e LigZ S S gy PP LS i

Index Plant height Chlorophyll content Pn Yield

ODR 1 0.868 " * 0.478 0.549 0.465 0.590 "

R 1 0.440 0.505 0.426 0.625"
R Plant height 1 0.964 ™ * 0.846 " * 0.921" "
LRSS os . o

Chlorophyll content ! 0-860 0.924

BOLAHEP, 1 0.903 * *

P Yield

1
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Table 7 Fruit quality of tomato under different treatments

b3 T Y % BIRE /% Ve &8/ (mg - 100g™") AEMEAR SR/ (g ke™)
Treatment TSS Total acid content Ve content Soluble protein content
N, CW, 4.07+0.21d 0.75+0.014a 6.55+0.111g 16.65+0.07f
N, AW, 4.37+0.12¢d 0.66+0.006¢ 7.83+0.140f 17.32+0.23f
N, CW, 4.30+0.17d 0.63+0.005d 8.48+0.074¢ 18.96+0.69¢
N AW, 4.97+0.25b 0.58+0.009¢ 9.91+0.147d 20.25+0.73d
N,CW, 4.23+0.21d 0.71+0.028b 10.82+0.253¢ 19.48+1.39de
N,AW, 4.67+0.15bc 0.62+0.011d 11.25+0.078b 22.79+0.19¢
N,CW, 4.67+0.25¢ 0.58+0.021e 11.37+0.295b 24.51+0.75b
N, AW, 5.80+0.17a 0.50+0.015f 12.29+0.178a 27.21£0.64a
BEMERLS F{H F value of significance test
N treatment(N) 26.882 65.455 2033.742 321.953
Aeratif;zfn}fnt(A) 62.108 " * 153.891 " * 198.751 " * 47.133"
lnigatior‘:%ri?nem( W) 55.742" " 326.473" " 379.195" " 160.574" *
NxA 3.484 0.655 22.889" " 12.202* ¢
NxW 5.204" 2.618 70.535" " 13.144 "
AxW 11.011"* 7.273" 5.103" 0.000
NxAXW 1.075 1.818 1.479 1.109

S EREB K SRR I 3l R Bl o B A T AL
B, Al K R g I A, UGS R R SRR
PREEHY SC R HL A S I A AT A B O B T A
KRG R 18 1 BIAE PR X, T BUSEK B, AT
[ AR - e T M R AR e AR B L B R
PRI, IRLEICHRAE T RS ART IASCHE IET 7 8 A BR
T 36.54% . AHEAE HETER YT, I
TR RS R R, n P b
R, I HEBER e R i bR TR R Y
AW, AR AL B AT 3R R R PR
2R & i e J i A i, X LEER R, W
LT B 5 1 1 S A R, PR BT AR 2R 0T 5
JE TR VR AR PR - 8 AR AR e, B BUR &R A=
RIPGEEA, AF T o AR R, P, il i §2
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DX, A BT AR AR BRI, (8 AR 2R AR o SR 1 I
WSCAI 20 R TIS 2  A 4 AE BU S2
32 KB SBEHENEEFMERMELN

00
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A, RN R R R s [T R S
(12207 30, EEOR AARIAR R A A FR AR IR
TIEBEY R S IR AR AT, K o R K
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TRE TR SO AR DX SRR, 35 S i ik A AR
DX, HESRAR 2R 1 B FRIF AR T SRR T 4 R
PRI B L B SR T A A AR B IR
AR AT R R, e THEY R, A
R, BT R A G R R IR A R fie
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2) K il AL RS R R U N R A
P& S e N Y8 1 PR S N R S Wi
AR AR S M B ) 22.91% F1 14.93% , (5 7K 5
A PRI K B AL BRSP4 R 41.19% F1 27.10% ,
AL PRI AR Ak FRSE 242 55 40.87% F 24.89% , 7%
SR R EKT,

3) HEAK IR it T Y ORISR B AT A R
MR T, AP EMEEIEY Ve & &
ATV B P 5 e A I T R S R, R
R,

RO TR/ A AR K A R RS bR, AR
g b AR K G PRI A B AR R IR &
AR B T K I RS A A T SR, A Y
i A 180 kg « hm™ {#E/KE N 1237 m® « hm ™,
BRIERN 15%,
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