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Effects of different irrigation deficits on the growth, yield, and water use
efficiency of tomato under sub-mulch drip irrigation in the Jingdian irri-

gation district

Zeng Shuren', Chen Liang>®, Li Wangxiong®, Zhang Shengyin®, Liu Bin"’

(1. Gansu Jingtaichuan Irrigation Water Resources Utilization Center, Baiyin 730400, Gansu, China; 2. Gansu Academy of Agri-Engi-
neering Technology, Wuwei 733006, Gansu, China, 3. College of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu,
China; 4. Northwest Institute of Eco-Environment and Resources, CAS, Lanzhou 730030, Gansu, China)

Abstract: To explore a suitable water-saving irrigation regime and boost water use efficiency for mulch-drip-irrigated
greenhouse tomato in Jingdian irrigation district, Fengzhu 409 was used as the test material. The irrigation amount at 90%
of field water-holding capacity as the upper limit and 70% as the lower limit was set as the control (CK). Four regulated
deficit irrigation treatments [85% CK (L1), 70% CK (L2), 55% CK(L3), and 40% CK (L4)] were established starting
from the full-bloom stage of the first fruit cluster, to investigate the effects of different treatments on tomato vegetative
growth, fruit quality, yield, and water use efficiency. The results showed that compared with CK, treatment L2 exerted no
significant effects on plant height or stem diameter across all tomato growth stages, while the leaf SPAD value significant-
ly increased by 9.99%, 8.79% and 8.53% at the flowering and fruit-setting stage, fruit expansion stage, and fruit ripening
stage, respectively. In terms of fruit quality, the content of soluble solids, soluble sugar, lycopene, vitamin C and sugar-ac-
id ratio in L2 were markedly higher than those in L3, L4 and CK, increasing by 1.08 percentage points, 1.35 percentage
points, 7.26%, 7.06%, and 41.90%, respectively, compared with CK. Meanwhile, the nitrate and titratable acid content of
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L2 were significantly reduced by 15.55% and 0.08 percentage points, respectively, compared with CK. There was no sig-

nificant difference in tomato yield between L2 and CK, whereas the water use efficiency of L2 was significantly increased

by 45.32%. Based on the omprehensive evaluation of tomato growth, fruit quality, yield, and water use efficiency indica-

tors, principal component analysis (PCA) scoring showed that treatment L2 obtained the highest score, indicating that the

irrigation volume of 70% CK (3 128.17 m*-hm*)was the optimal irrigation amount for greenhouse tomatoes under mulch

drip irrigation in the Jingdian irrigation district. This irrigation regime can remarkably enhance fruit quality and water use ef-

ficiency while maintaining stable tomato yield, thereby achieving the goal of water reduction and productivity improvement.

Key words: Tomato; Deficit irrigation; Sub-mulch drip irrigation; Yield; Water use efficiency
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Table 1 Irrigation amount of different treatments
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L . Single irrigation amount of Total irrigation amount for the entire
Treatment Irrigation lower limit . s e . . N
experimental plot/(m*plot'time')  reproductive period/(m*hm™)

L1 85%CK 0.36 3766.06

L2 70%CK 0.29 3128.17

L3 55%CK 0.23 2 675.04

L4 40%CK 0.17 2360.49

CK H ] RF K 2 70%~90% 70%-90% of field capacity 0.42 4311.56
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Table 2 Effects of different water deficiency treatments

R®3 TREITHRERLIEEMNZHEAFME

Table 3 Effects of different water deficiency treatments

on stem thickness of tomato mm

e AR PN N ] RS

Blooming Fruit enlargement ~ Fruit maturity
Treatment . . .

period period period
CK 45.940.16 ab 76.1£0.22 b 108.1+0.34 a
L1 46.2+0.16 ab 82.6+0.30 ab 96.0+0.16 b
L2 48.1+0.14 a 88.8+0.22 a 110.0£0.52 a
L3 39.9+0.19 ¢ 72.7+0.13 ¢ 91.6+0.35 ¢
L4 32.5+0.13 ¢ 71.1+0.12 ¢ 82.6+0.17 ¢

FSfE KW SPAD 6 &% & T L1 AL, (HIF 7
AR AR SE R S L1 e ZE R AR E, DL
SEIRR W, 0T T WO AT 32 = A SPAD E, (H
ik B 5 Bk 2 BE AR SPAD {H , 7 SRV BEFRE B Ak B DA
L2 bl

on plant height of tomato cm

e ARSI Py ANl RS H A

Blooming Fruit enlargement Fruit maturity
Treatment . . .

period period period
CK 57.16+0.59 a 141.04+0.91 ab 187.75+1.26 a
L1 58.51+0.53 a 142.63+1.73 ab 177.73+0.87 b
L2 59.18+0.23 a 146.23+0.46 a 192.06+2.56 a
L3 53.40+0.62 b 140.10+0.43 b 170.38+1.18 ¢
L4 53.11+0.95 b 138.87+0.91 b 166.44+1.15 ¢

RS RNG FRERIRTE 0.05 K2R . R,
Note: Different small letters in the same column indicate signifi-

cant difference at 0.05 level. The same below.
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Table 4 Effects of different water deficiency treatments

on SPAD values of tomato leaves

e THHEAR R HSE R SRSl A
Blooming Fruit enlargement Fruit maturity
Treatment . . .
period period period
CK 42.05+0.29 b 49.37+0.57 b 41.83+0.97 b
L1 43.89+1.06 ab 51.36+0.64 b 44.33+0.61 a
L2 46.25+0.26 a 53.71+0.44 a 45.40+0.62 a
L3 37.98+0.30 ¢ 45441041 ¢ 37.50+0.65 ¢
L4 34.16+1.20 ¢ 43.66+0.85 ¢ 35.09+0.83 ¢
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e ATV PERE AL R AR C S E LPER L
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L2 A3 T 5 1 [ FE 90 AT 9 PR 3 o 41 R RN 4
AR CETEAERILYEE ST L3 L4 A
CK, 8 CK 73 ml 34 m 7 1.08 |73 /i.1.35 H 41
F.7.26%7.06% K1 41.90% , Bl 82 &5 A1 7] i € R &
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Table 5 Effects of different water deficiency treatments on quality of tomato fruit

A CK 43 3 5 2 BRI 15.55%F11 0.08 T 43 /.

It

g wCAEHEETEYD  wClEERD  w(ATRER) B wCR A2 wEER O wHR D

Treatment Soluble solids Soluble sugar  Titratable acid Sugar-acid Lycopene content/  Vitamin C Nitrate
content/% content/% content/% ratio (mgkg") content/(mg-kg')  content/(mg-kg")

CK 8.14+0.46 b 6.12+0.29 ¢ 0.57+0.02 a 10.74£0.37 ¢  35.65+£3.43 b 385.43+10.82 b 173.94+5.44 a
L1 8.83+0.21 a 6.68+0.14 b 0.51+0.03 b 13.10£0.61 b  37.33+3.12 ab 392.15+14.09 ab 152.16£3.31b
L2 9.224+0.35 a 7.47+0.26 a 0.49+0.04 b 15.24+0.46a  38.24+2.58 a 412.64+17.71 a 146.89+5.27 b
L3 7.38+0.24 ¢ 5.44+0.19 d 0.55+0.06 ab 9.89+0.33d  32.72+1.75¢ 356.57+12.09 ¢ 175.40+7.38 a

L4 7.16+0.31 ¢ 5.21+0.11d 0.59+0.04 a 8.83+0.28 ¢  30.45+2.17 ¢ 342.32+16.80 ¢ 180.53+4.26 a
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Table 6 Effects of different water deficiency treatments on tomato fruit yield and water use efficiency

b R LIRRES ¢ FeE UG EVES

Treatment Single fruit mass/g Number of fruits per truss Yield/(thm™) Water use efficiency/(kg'm™)
CK 24.24+1.53 a 19.80+0.33 a 63.99+2.32 a 16.99+1.03 ¢

L1 24.38+1.81 a 20.40+1.20 a 64.65+2.40 a 20.67£1.25b

L2 24.67£1.29 a 20.60+0.33 a 66.06+£2.10 a 24.69+1.08 a

L3 22.37+0.93 b 18.20+0.58 b 58.35+2.38 b 21.81+0.96 b

L4 20.65+1.15¢ 16.40+0.58 ¢ 54.1842.47 ¢ 12.57+1.32d
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S8 RN SE AS[E T BRI St FRE DX U R T A ARG 7 R KK R R R SR X BT HF T

A Pk Plant height 0.98 0.78 0.82 0.85 -0.59 0.77 0.86 0.91 -0.64 0.88 0.85 0.89 0.54 1.0
244 Stem thickness . 0.74 0.77 0.79 -0.56 0.72 0.84 0.89 -0.58 0.89 0.86 0.90 0.59 0.8
SPAD |@ @ 0.99 0.98 -0.94 0.98 0.97 0.97 -0.97 0.90 0.93 0.92 0.77 06
T ¥ 1 [ T4 5 B Soluble solids content |{@ @ @ 099 -0.89 0.97 0.98 0.98 -0.95 0.90 0.93 093 0.69 '
A MERE 55 Soluble sugar content |[@ @ @ @ 090 099 095 0.98 0.95 0.87 0.89 0.91 0.72 0.4
I 5% BR ¥ B Titratable acid content | @ @ @ @ @  -095-0.86-0.84 0.97 10.750.81 -0.78 -0.89 02
FER L Sugar-acid ratio |[(@) @ @ @ @ @ 093 095 -098 083 0.86 0.86 0.78
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Fig. 1 Correlation analysis(A)and principal component analysis(B)of various indicators under different water-deficient

irrigation treatments
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Table 7 Principal component extraction analysis

. o 2Ttk
EHAE T Tk -
o LS ENREN i Cumulative
Principal . Contribution .

Eigenvalue contribution
component factor rate/%

rate/%

PC1 12.26 87.59 87.59
PC2 1.07 7.62 95.21
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Table 8 The results of comprehensive evaluation
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