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Effects of row spacing and irrigation amount on light energy and water
utilization of tomato in plastic greenhouse under substrate cultivation

CHANG Jiayue, MA Xiaolong, WU Guran, LI Guangyi, ] Jianming

(College of Horticulture s Northwest A& F University ,Yangling , Shaanzi 712100, China)

Abstract: [Objective] The effects of row spacing,irrigation amount and their interaction on light ener-
gy and water use characteristics of plastic greenhouse tomato were investigated to provide basis for ma-

nagement of row spacing and irrigation amount in substrate cultivation. [Method)] The experiment was car-

[t B W] 2022-01-16

[EEIH] BV B8 AT X A0H 66 1 51 S 312135 B (2021QFY08-04)

[fEHRIA] HWAEDBL(1998—) 4,y g Ak BN, 78 2 8+, 32 20 ) F0 150t 3 A 6 BE A #F 9% . E-mail :jiayue@nwafu. edu. cn
GEMGER] 2 1966—), 5, By 8 I 2082 1+ 18 42 S0, 3 20 A 35 Bt AR ol TR 5 85 50 A AR S T

E-mail: lijianming66 @ 163. com



112 PO AL AR MRB 3 2222 4R (A SRR 2 B %51 %

ried out in a plastic greenhouse and tomato variety ‘Jinpeng 14-8” was cultivated in substrate. A split plot
design was adopted with main plot of wide and narrow row spacing. The narrow row spacing was 40 cm, the
plant spacing was 35 cm,and the large row spacing was set to L; (70 cm,5. 19 plants/m*),1, (120 cm,3. 57
plants/m?*) and L;(170 cm,2. 72 plants/m?*) ,respectively. The sub-area had 2 irrigation levels according to
daily transpiration (ET) of plants. The conventional irrigation (N) was 1. 25 ET in the vegetative growth
period and 1. 50 ET in the reproductive growth period,and the mild deficit irrigation (K) was 1. 00 ET in
the vegetative growth period and 1. 20 ET in the reproductive growth period. A total of 6 treatments of
L N,LK,L;N,L;K,L;N and L;K were synthesized in two groups. Tomato plant morphological indica-
tors, dry and fresh weight,light energy and water use efficiency and yield were measured and correlations
between indexes were analyzed to comprehensively analyze responses of tomato light energy and water use
to planting row spacing and irrigation amount. [Result] Tomato plant height, leaf area index,yield per unit
area,and canopy radiation interception per unit area (IPAR) decreased with the increase of planting row
spacing. The yield per unit area of L1N was the highest and 5. 65% —55. 65% higher than other treat-
ments. Stem diameter,leaf area,dry and fresh weight per plant, yield per plant,and daily transpiration per
plant increased with the increase of planting row spacing. The yield per plant of L;N was the highest and
3.10% —46. 91% higher than other treatments. LN had the highest canopy radiation utilization rate
(RUE) of 135. 31 (g + s)/mmol in fruit expansion stage, which was 5. 41% —67. 59% higher than other
treatments,and 151. 97 (g + s)/mmol in fruit ripening stage, which was 1. 25% —48. 86 % higher than other
treatments. L, K had the highest irrigation water use efficiency (IWUE) of 39. 18 g/kg, with an 9. 58% —
33.90% increase compared with other treatments. There were very significant positive correlations between
leaf area,dry and fresh weight,yield,IPAR and RUE per unit area of tomato plants. Transpiration had ex-
tremely significant negative correlations with above indicators, while IWUE had no significant correlation
with them. [Conclusion] Moderately increasing planting row spacing benefited tomato plant by enhancing
group light energy and water use efficiency, greatly increasing yield per plant, and slightly reducing the
yield per unit area. Excessive planting row spacing caused ineffective loss,resulting in decreases of unit area
yield, RUE and IWUE. Growth morphology and biomass accumulation of conventional irrigation tomato
plants were better than those of mild deficit irrigation, but mild deficit irrigation significantly improved
IWUE. There were interactions between planting row spacing and irrigation amount. In general,L., N treat-
ment had the best performance in light energy utilization and L.;K treatment had the best performance in
water utilization.

Key words: tomato cultivation; planting row spacing; irrigation amount; light energy use efficiency
(RUE) ;irrigation water use efficiency (IWUE)
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Fig. 1 Field arrangement of tomato potted plants

with different row spacings
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Table 1  Cumulative irrigation amount of tomato in the whole growth period under treatments with different
planting row spacings and irrigation amounts L/#k
o —HR
b7 MR SRR R Jig K25 3 OB BUA S TRUR R BB SRR AR O DU R R LEEW
First spike First flower End of first First ear Second ear Third ear Fourth ear Full growth
Treatment . . . . . . . .
blooms spike set fruit ear fruit fruit mature fruit mature fruit mature fruit mature period
enlargement
L, N 4.70 14. 40 30. 54 48.70 56.02 67. 34 73.83 83.49
LK 3.76 11.52 24.43 38.96 44, 82 53. 87 59. 06 66. 80
L:N 4.76 14. 75 33.49 51.10 59.51 72.45 80. 44 92.15
LK 3.81 11. 80 26.79 40. 88 47.61 57.96 64. 35 73.72
LsN 4. 86 15. 38 35. 66 55.51 65. 94 81. 83 92. 60 108.07
L;K 3.89 12.31 28.53 44,41 52.75 65.47 74.08 86. 46
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Table 2 Effects of planting row spacing and irrigation amount on morphological indexes of tomato at different growth stages

Kb B WAL KW Fruit expansion period
Treatment ¥& /em Plant height ZM /mm Stem diameter T A/ cm? Leafl area M1 FHFE %L Leaf area index
LiN 136.00+1.63 a 12.40740. 45 be 4.969.00+111.54 ab 2.58+0.06 a
LK 117.17+1.18 ¢ 12.074+0.18 ¢ 4 769.394+134.66 b 2.4840.07 a
LyN 137.5042.48 a 13.3540. 87 abc 5 288.524256.12 a 1.89+0.09 b
LK 127.0040.82 b 13.5440. 86 ab 5017.864170.06 ab 1.7940.06 b
LsN 135.1743.01 a 14.03£0.41 a 5 378.144232.64 a 1.4640.06 c
L:;K 129.834+2.39 b 13.744£0.63 ab 5076.67+£112.26 ab 1.3840.03 ¢
Kb 3R B Fruit ripening period
Treatment ¥& /cm Plant height ZEH /mm Stem diameter M FH/em? Leaf area M1 A8 5L Leaf area index
LiN 143.0042.45 a 13.41+0.29 ¢ 5 156.494+261.00 d 2.68+0.14 a
LK 127.334+1.89 ¢ 12.27+0.33d 4 718.384+134.19 e 2.45£0.07 b
LyN 140. 6740.47 ab 15.0640.33 b 6 574.80+151.19 ab 2.3540.05b
L, K 131.0042.16 ¢ 14.66+0.51 b 5929.124+171.56 ¢ 2.124+0.06 ¢
;N 137.6740.94 b 16.21+0.41 a 6 952.09+£178.36 a 1.8940.05 d
L;K 131.0042.83 ¢ 14.844+0.38 b 6 399.324259.13 b 1.74+0.07 d

T = PR I B AR 2R 5 RS B AR A Rl /NG R 3R R 22 5 B3 (P<<0. 05) 5 R Al

Note: The data are “mean- standard deviation”. Different lowercase letters indicate significant difference (P<C0.05). The same below.
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Table 3 Effects of planting row spacing and irrigation amount on dry and fresh weight of tomato at
different growth stages g
e SRS KW Fruit expansion period SRS ] Fruit ripening period
Treatment 4 R fif I AR T i A b B T AT

Fresh weight of whole plant  Dry weight of whole plant Fresh weight of whole plant Dry weight of whole plant
LN 1241421 be 181.4547.47 d 2 959.00442.61 ¢ 329.17+6.21 ¢
LK 935423 d 165.73+2.20d 2 882.274+24.41 ¢ 352.1549.76 ¢
L;N 1239438 be 252.46+6.86 a 3 955.87469.25 a 538.85423.67 a
LK 1326%+51 a 222.54%+10.73 b 3 580.334+37.47 b 428.99+4.12 b
LsN 1225+11 ¢ 201.79+4.93 ¢ 4 046.33+74.15 a 476.72+13.95 a
L;K 1311£47 ab 197.6848.12 ¢ 3 655.33+13.66 b 419.29+0.77 b

A0 T SO A A A R A AR BC LB AT LABE T AT IR R M R R S G IR L TR T

LR A P 4 Joi %) M) P 0 o SR S B LG
| e W R T e 2y . Hh 3 4 AT DU L RS
R R SR S A [ Ak 3 X e T T A A A
B 23 TC B ) 45 R AN — B i SR S G B
S PR G SR 1Y 49 it b AR AT B R T L A+ ]

W s 25 FREAT BT 2R S T R o A R T R Y EE A
7] Aol 22 B oAy HLRE TR K T 8 2 5 R TR {ELAS ()
oKV Bl R AT BE G O R ST R AR
e e H REIE T L Ly RS2 T U o e
RAEERE 5 SRR T W2 Ly SRS B o [ i
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Table 4 Effects of planting row spacing and irrigation amount on the distribution ratio of dry and fresh weight in

different organs of tomato at different growth stages %
A% KM Fruit expansion stage
b3 fif 5 52t 73 e L ) I & 43 B L A5
Treatment Proportion of fresh weight in different organs Proportion of dry weight in different organs
i Leaf = Stem B Fruit ¥ Root M Leaf 2 Stem B Fruit 2 Root
LiN 25.16+1.02a 12.5540.91a 59.19+1.88ab  3.10£0.05 a 24.624+4.40 ¢ 21.17+0.57a  44.36%3.35a 9.85+0.48 b
LK 24,44+2.35a 11.89+0.55 ab 58.63+1.23 ab  5.04+1.67 a 30.9440.27 b 18.05+1.29 be 39.6440.84 b 11.3740.73 a
LoN 26.39+3.95a 12.524+1.61a 57.21£7.10ab  3.88+1.54 a 36.064+1.87a 18.88+0.35b  37.82+1.01b 7.23£0.51 ¢
LK 27.42+1.11a 12.82+0.06a 54.87+0.16 b 1.89+1.32 a 32.5640.60 ab 20.71+0.95a  37.62+0.81b 9.1140.47 b
LsN 27.83+2.62a 13.684+0.62a 55.55+2.53ab  2.93+0.71 a 32.59+1.42 ab  21.28+0.61a 38.33+2.32b 7.81+0.28 ¢
L;K 22.45+0.60a 10.18+0.29b 63.09+1.76 a 4.28+0.88 a 28.5240.31 be  16.4140.87 ¢ 45.0941.44 a 9.98+0.26 b
SR Fruit ripening period
b3 M8 5 13k 43 L A1 543 B L A5
Treatment Proportion of fresh weight in different organs Proportion of dry weight in different organs
i Leaf % Stem B Fruit R Root i Leaf 2 Stem B Fruit 1 Root

LN 9.80+0.22 be 5.34+0.17 be  82.56%0.47 ab  2.30£0.18 ¢ 10.62+0.66 be  5.7340.34 d 81.074+0.49a  2.5840.10 be
LK 10.82+0.16a  5.76+0.19a  80.2340.20 d 3.1940.14a  11.66+0.83 ab  6.8240.22 be 78.73+1.15b  2.7940.22 be
LN 9.7440.47 be  4.704+0.05d  83.284+0.61 a 2.284+0.11 ¢ 9.5740.85 ¢ 5.2540.38 d 82.69+1.41a  2.4840.24 ¢
L;K 10.81+0.33 a 5.7340.22 ab  80.67%£0.60 ¢ 2.7940.11b 11.9240.53 ab 7.10£0.12 ab  77.4240.66 b 3.56+0.08 a
L3N 9.39+0.22 ¢ 5.1240.24 ¢ 83.9640.20 a 1.53+0.09d  10.79£0.68 be  6.3840.33 ¢ 80.9640.80 a 1.8640.05 d
Ls;K 10.31£0.26 ab  5.31£0.16 ¢ 81.9740.28 b 2.4140.04 ¢ 12.42+0.29 a 7.6640.09 a 77.0240.34b  2.90+0.03 b
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Different lowercase letters indicate significant
difference between treatments
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Fig. 2 Effects of planting row spacing and irrigation
amount on tomato yield per plant and per unit area
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Z 0] TG Wb 35 38 AR o AH [R] FhoR AT I 38 2R 30 5 B
M RUE & TR - 60,0 L, A3 T %2
SAREAMAFREMFMFET.L 5 L, &h#E RUE
ZRABE MATEHRERT Lo 5B b
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BEWE S AF R R A A ATHE 9 RUE B L, > W] LN 43 ) RUE & @&, ik 151,97 (g« s)/
Lo L M5 7 S A R RE N Lo >, > mmol, e LK 4B, % 0] 22 3 R 3%, 3 K
Ly, B Z B 25 B3 . SRS, RS MREATEE (L) 2 28 RUE KiE T FE.
RS METEMEKEXNFEMAEEEHRR IPARFIPAR 1 RUE 8% 0@
Table 5 Effects of planting row spacing and irrigation amount on cumulative IPAR,average FIPAR and

RUE of tomato at different growth stages

e PRS2 K Fruit expansion period B Fruit ripening period
Treatment IPAE/ B FIPAR/ % RUE/ B IPAF/ B FIPAR/ % RUE/ -
(pmol * m™2 « s 1) (ges+*mmol™!) (pmolem 2+s 1) (g+s+*mmol 1)
1N 6 621450 a 53.9540.21 a 128.3745.97 a 12 130495 a 65.97+£0.57 a 137.334£2.67b
LK 6 55671 a 53.42+0.54 a 116.404+2.50 b 11 8494171 a 64.44+0.51 a 150.09+4. 26 a
L:N 6 183444 b 50.3840. 60 bc 135.31%4.42 a 11 314£126 b 61.53+£0.62 b 151.97+7.64 a
L,K 6 201+81Db 50.53+1.34 b 116.47+5.02 b 11 1044179 be 60.39=£0. 81 be 133.06+£1.28 b
;N 5975471 ¢ 48.69+0.53 ¢ 84.7141.81 ¢ 10 9144114 ¢ 59.36+0.71 ¢ 116.64+3.38 ¢
;K 5997446 ¢ 48.8640. 83 be 80.74+3.08 ¢ 10 8524125 ¢ 59.02+1.02 ¢ 102.09+0.16 d

2.5 TETEMEKEBREXNEMASIFABEGE M FECH ZEWE & W30, FhoE 17 8K &7
) 2 M HRHZABE EAFAERELEEM. BRNF,

AR 28 1P T FE BB AE AR K 12:00—14:00, HAL PR H 28 i R LN (1 511, 93 g) >
HAYIH ) B 28 BE T AR VO (] 3) . AhAEATHEE L,K (1 264, 40 g) > L,N (1 123, 47 g) > 1L,K
T R IR 7K 18 0 34 1 R A% Ao TR) B i 2% s 1 1 (1015.53 @)>L,;N(912.33 g)>L,K(725.57 g),

400
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Fig.3 Effects of planting row spacing and irrigation amount on diurnal variation of tomato transpiration
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Table 6 Correlation between light energy and water use and substance accumulation in tomato
LD ﬂfﬁ*ﬂ?ﬁ‘f%ﬂ( @?Jﬁi ﬂ‘ﬁﬁ f':ﬁ IPAR RUE E%ﬁ
Index Leaf area index Fresh weight Dry weight Yield Transpiration
fief Jfi ft Fresh weight 0.953" * 1
T Wi Dry weight 0.892" * 0.953"* 1
7= Yield 0,957~ 0.994 " * 0.942** 1
IPAR 0.924" 0.911** 0.787** 0.900" * 1
RUE 0.808" * 0.884 " * 0.980" * 0.878" * 0.652" " 1
7% ¥ & Transpiration —0.727%* —0.794% * —0.751"* —0.732%* —0.783" " —0.654%* 1
IWUE —0.277 —0. 141 0.027 —0.194 —0.432 0. 145 —0.142

T x % RIRTE P<T0. 01 KM K .

Note: * * indicates very significant correlation at the P<C0. 01 level.
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