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Mechanism of soil moisture temporal variance affecting water use efficiency
of romaine lettuce (Lactuca sativa L. var. longifolia)

LIU Di-chuan, WANG Zhuan, ZHU Guo-long, LONG Huai-yu*, XU Ai-guo’, ZHANG Ren-lian
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: [ Objective ] Stable soil moisture is beneficial for improving crop water use efficiency. Here, we
investigate the mechanism of how stable soil moisture affect water and nutrient utilization efficiency of romaine
lettuce. [ Method ] The pot experiment was conducted in a screen house using romaine lettuce (Lactuca sativa L.
var. longifolia) as the experimental crop. Traditional irrigation (TI) and negative pressure irrigation (NPI) were set
up to provide fluctuating and stable soil moisture. At the 4-leaf stage of romaine lettuce growth, the treatments
were imposed. We used a soil moisture meter to measure the soil moisture content every two days. The crop was
harvested 28 days after treatment. The plant height, leaf number, and the most extended leaf length and width
were measured on the 1st, 11th, 21st, and 28th day of treatment imposition. The net photosynthetic rate (P,),

intercellular CO, concentration (C)), transpiration rate (7,), and stomatal conductance (G,) of romaine lettuce
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leaves were measured via a Li-6400 portable photosynthesis system simultaneously. The free proline (Pro),
malondialdehyde (MDA), abscisic acid (ABA), salicylic acid (SA), soluble protein (SP), soluble sugars (SS), and
stable carbon isotope ratios (8"°C) and discrimination (A"”C) in romaine lettuce leaves were determined.
[ Result ] The cumulative amount of irrigation and mean soil moisture content under NPI and TI were similar.
However, the coefficient of variation (CV) of soil moisture content under NPI was 5.0%, indicating the stable soil
moisture, and was 10.3% under TI, showing fluctuating soil moisture. Plant height, the most extended leaf length,
and leaf width of romaine lettuce in NPI were 103.8%, 155.4%, and 62.5% higher than in TI. The P,, C, T,, and G,
values in NPI were higher than in TI. Similarly, the 7, and G, on the 11th day and C; on the 28th day in NPL were
(P<0.05) higher than in TI. The yield, water-use-efficiency, leaf P content, the NPK uptake, and the 3"°C were
(P<0.05) higher in NPI than in TI at harvest, while root/shoot ratio, ABA, SS, and A13C were (P<0.05) lower than
in TI. A”C was positively correlated with water-use efficiency and negatively correlated with the CV of soil
moisture. [ Conelusions ] Compared with the fluctuating soil moisture in TI, the negative pressure irrigation
created stable soil moisture, thus avoiding the possible temporal drought stress for romaine lettuce. This promoted
photosynthesis, nutrient uptake, and water-use-efficiency of romaine lettuce and achieved high shoot growth.

Key words: soil moisture temporal variance; negative pressure irrigation; romaine lettuce; water-use-efficiency;

drought resistance physiology; stable carbon isotope
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Fig. 3 Dynamic changes of photosynthesis parameters of romaine lettuce

Note: TI—Traditional irrigation treatment; NPI—Negative pressure irrigation treatment.
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Table 1 The biomass allocation, water utilization, nutrient content and uptake of romaine lettuce

10 15 20 25 30

Kb B Treatment
FEHR Index 231 Significance
NPI TI
P Yield (g/plant) 31.27+6.83 12.741.24 0.010"
T4 Fi & Dry matter (g/plant) 1.84+0.33 1.28+0.03 0.097
R b Root/shoot ratio 0.07+0.02 0.12+0.01 0.023"
#E7K i Water consumption (L/pot) 3.16+0.96 2.84+0.30 0.606
IKA3FI %L 2 WUE (g/kg) 10.08+1.18 4.52+0.63 0.002*
4 & Total Ncontent (mg/g) 40.32+2.21 38.58+5.30 0.628
4H &t Total P content (mg/g) 2.35+0.23 1.80£0.12 0.020"
44 f 1 Total K content (mg/g) 51.12+3.13 49.65+2.05 0.532
W2 & N uptake (mg/palnt) 73.78+10.17 49.31+7.41 0.028"
W% P uptake (mg/plant) 4.31£0.75 2.29+0.18 0.011*
M 41E K uptake (mg/plant) 87.54+15.45 63.38+2.68 0.027*

W TGP, NPI—URHEIEAL 3, | R PIALIEH] 25 7 4E0.05. 0.01/KF- 1 % .

Note: WUE—Water use efficiency; TI—Traditional irrigation treatment; NPI—Negative pressure irrigation treatment. *, ** represent significant

difference between two treatments at the 0.05 and 0.01 levels.
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Fig. 6 Correlation analysis among soil moisture temporal variance and different indexes of romaine lettuce

E: CV—HIEBREAR AL Pro—lir AR ; MDA—IN B ABA—JIEM; SA—KWMR; SP—iFMEERN 5 SS—iFIENE;
PG R C—MIR] CO, ¥RBE; T—Z8MEHIR; Gs—fLSE; TN—M &% TP—irasf; TK—MH v Nu—%Zlt;
Pu—MMRICE s Ku—8Rlici; Y—7=1; D—F¥ht; RIS—RGEH; WUE—/KAFIHAER; APC—REmRFIM £ a9, Bhh L
PRI MUFARC R B LT, AOCR B EROR, BRABOR; BRAEIEASCRMER B IE S, ARG, SR,
B R SC R B XHEDBOR o IR+ S AURAR R 0.05 KPR35 22 N AEdR MR
Note: CV—=Coefficient of variation in soil moisture; Pro—Free proline; MDA—Malondialdehyde; ABA—Abscisic acid; SA—Salicylic acid;
SP—Soluble protein; SS—Soluble sugar; P,—Net photosynthetic rate; C/—Intercellular CO, concentration; 7,—Transpiration rate; G,—Stomatal
conductance; TN—Leaf total N; TP—Leaf total P; TK—Leaf total K; Nu—N uptake; Pu—P uptake; Ku—K uptake; Y—Yield; D—Dry matter;
R/S—Root/shoot ratio; WUE—Water-use-efficiency; A*C—Resolution of stable carbonisotope. In the figure, the sphere size in the upper right
corner represent the absolute value of the correlation coefficient, and the greater the absolute value, the larger the sphere. The color of the ball
represents the positive and negative correlation coefficient, with the positive correlation in blue and the negative correlation in red, and the darker the
color, the greater the absolute value of the correlation coefficient. The * in the ball represents the correlation coefficient at the 0.05 level and the lower
left data is the correlation coefficient.
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