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Abstract
Under drip irrigation conditions, three soil water treatments were established
with lower limits of soil water content in the 0–40 cm layer at 70%, 50%, and
30% of field capacity during the sugar accumulation stage of sugar beet. The
physiological responses of sugar beet before and after rewatering were analyzed
in terms of leaf photosynthetic characteristics, water stress index, recovery de-
gree, yield, and sugar yield to determine the maximum tolerable lower limit
of water deficit during the sugar accumulation stage. The results showed that
the sugar beet yield and sugar yield under the 30% field capacity treatment
were significantly higher than those under the 70% and 50% field capacity treat-
ments, increasing by 51.34% and 51.47% compared with the 70% field capacity
treatment, and by 36.72% and 39.48% compared with the 50% field capacity
treatment. Before rewatering, the net photosynthetic rate of sugar beet leaves
under the 30% field capacity treatment was significantly lower than that of the
other treatments; after rewatering, the differences in leaf net photosynthetic
rate among treatments decreased over time, while intercellular CO2 concen-
tration showed an opposite trend. When soil water content decreased to the
predetermined lower limit, changes in leaf proline and soluble sugar contents
were the most sensitive and were positively correlated with the degree of water
deficit. After rewatering, positive compensation effects were observed in leaf
cell membrane permeability, antioxidant defense system, and osmotic adjust-
ment substances, manifested as decreased malondialdehyde content, enhanced
antioxidant enzyme activities, and increased proline and soluble sugar contents
that regulate osmotic adjustment. Therefore, during the sugar accumulation
stage, supplemental irrigation when soil water content decreases to 30% of field
capacity can compensate to some extent for the negative effects of water deficit
on sugar beet, achieving the goal of water-saving, high-yield, and high-quality
sugar beet production under drip irrigation in arid regions.
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Full Text
Physiological Response of Sugar Beet (Beta vulgaris L.)
to Water Deficit at Sugar Accumulation Stage Under Drip
Irrigation
LI Yangyang, FEI Cong, CUI Jing, WANG Kaiyong, MA Fuyu**,
FAN Hua** Agronomy College, Shihezi University, Shihezi 832003, China

Abstract

Understanding the effects of water deficit on the physiological characteristics
of sugar beet is essential for determining the minimum soil water content dur-
ing the sugar accumulation stage. A field experiment was conducted to study
changes in leaf photosynthetic characteristics, water stress index, recovery de-
gree, yield, and technological sugar yield under drought resistance and rehy-
dration cultivation. The study included three soil water content levels in the
0–40 cm depth —70% of field capacity (T1), 50% of field capacity (T2), and
30% of field capacity (T3). The results showed that yield and technological
sugar yield under T3 were significantly higher than those under T1 and T2 by
51.34% and 51.47%, and 36.72% and 39.48%, respectively. Leaf proline and
soluble sugar contents were sensitive to water deficit before rehydration and
were positively correlated with the degree of water deficit. Rehydration after
water stress showed positive compensation effects on membrane permeability,
antioxidant enzyme activities, and osmotic adjustment substance contents of
sugar beet. Enhancements were observed in leaf malondialdehyde content, per-
oxidase and catalase enzyme activities, and proline and soluble sugar contents,
which favored increased osmotic adjustment. Therefore, prompt supplemental
irrigation when soil water content dropped to 30% of field capacity during the
sugar accumulation stage had a compensation effect on sugar beet under water
deficit cultivation and helped achieve high yield and quality of sugar beet under
drip irrigation in arid areas.

Keywords: Sugar beet; Water deficit; Rehydration; Compensation effect; Phys-
iological response; Water stress index; Yield

Introduction

The arid northwest region of China is an important agricultural production area
where water shortage has become a critical bottleneck severely affecting crop
yield and quality. Moderate water deficit during non-water-sensitive periods of
crop growth can achieve yield and biomass levels comparable to or even exceed-
ing those under full irrigation, thereby attaining the dual goals of high yield
and water savings. Previous studies have shown that the sugar accumulation
stage exhibits decreased sensitivity to water, and excessive water at this stage
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can reduce sugar beet sugar content [1-2]. Meanwhile, water deficit affects var-
ious physiological processes related to crop yield formation to different degrees
[3-4]. When crops experience water stress, membrane lipid peroxidation is exac-
erbated or initiated, leading to damage to biological membranes, disruption of
material and energy exchange as well as information transfer, thereby affecting
plant physiological and biochemical metabolism and growth and development
processes [5-6]. Osmotic adjustment capability is an important characteristic
of plant stress resistance and forms the basis for compensation effects under
adverse conditions [7]. The antioxidant system can actively adapt and regu-
late to maintain normal plant physiological functions and is closely related to
plant stress resistance [8-9]. Additionally, plant gas exchange parameters such
as photosynthesis, stomatal conductance, and transpiration are also sensitive to
water stress [10-11]. Previous research has indicated that under moderate water
deficit (50% field capacity) during the sugar beet leaf cluster growth stage, the
enzymatic reactive oxygen scavenging system shows the most sensitive response
in CAT [12].

Currently, high-yield sugar beet fields under drip irrigation are emerging contin-
uously in Xinjiang at the cost of high water and fertilizer input. How to leverage
the unique local climatic advantages and water-saving drip irrigation technology
to produce more high-quality white sugar while reducing water input—improv-
ing quality and efficiency—is an urgent problem facing sugar beet production
in arid regions. Therefore, this study selected the non-water-sensitive period of
sugar beet for experimentation, utilizing the crop’s strong drought resistance
characteristics to analyze from a physiological and biochemical perspective the
effects of water deficit and rehydration during the sugar accumulation stage on
drip-irrigated sugar beet yield, and to determine the lower limit of water control
during this growth period, providing a reference for further improving water use
efficiency of drip-irrigated sugar beet in arid regions.

1.1 Study Area Description

The experiment was conducted from April to October in 2014 and 2015 at
the experimental station of the Agronomy College, Shihezi University, Xinjiang
(45°19�N, 86°03�E) at an elevation of 450.8 m. The site has a typical temperate
continental climate with an average annual temperature of 7.5–8.2 °C, sunshine
duration of 2,318–2,732 h, frost-free period of 147–191 d, annual rainfall of 180–
270 mm, and annual evaporation of 1,000–1,500 mm. The experimental area soil
is irrigated gray desert soil with heavy loam texture. The topsoil contained total
nitrogen 0.89 g・kg�¹, available phosphorus 0.022 g・kg�¹, available potassium
0.249 g・kg�¹, and alkali-hydrolyzable nitrogen 0.058 g・kg�¹, with pH 7.3 and
soil organic matter 13.25 g・kg�¹. The topsoil bulk density was 1.6 g・cm�³, field
capacity was 19% (mass water content), and groundwater depth was greater
than 5 m.
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1.2 Experimental Design

The experimental material was sugar beet (Beta vulgaris L.) cultivar‘Beta356’
. During the sugar accumulation stage (105–130 days after seedling emergence),
three soil water control lower limits were established: mild deficit (70% field
capacity, T1), moderate deficit (50% field capacity, T2), and severe deficit (30%
field capacity, T3). When measured soil water content fell to the set range,
the plot was irrigated to saturated water content. Throughout the experiment,
there was no difference in emergence irrigation among the three treatments.
No irrigation was applied during the seedling stage (seedling hardening). All
three treatments began irrigation 40 days after emergence. Between 40 and 105
days after emergence, the soil water lower limit for all three treatments was
maintained at 70% field capacity (i.e., when the three treatments dropped to
70% field capacity, irrigation was applied to saturated water content, and this
process was repeated). When sugar beet entered the sugar accumulation stage
(105–130 days after seedling emergence), the three levels of water deficit were
initiated, and rehydration to saturated water content was applied after reaching
the deficit lower limit. Harvest and yield measurement occurred after 130 days.

Irrigation amount was determined by the irrigation quota calculation formula
[13], expressed as:

𝐻𝜌𝛽𝛽

where m is irrigation amount (mm); b� is soil bulk density in the planned wetting
layer during that period (g・cm�³); H is planned wetting layer depth (cm); i� is
target water content (field capacity multiplied by target relative water content).
The planned wetting layer depth in this experiment was 40 cm; j� is soil water
content before irrigation. Irrigation amount was recorded by water meter. Since
it was difficult to precisely control the irrigation lower limit in practice, each
treatment was assigned a 5% range value (percentage of field capacity).

Sugar beet was planted under mulched drip irrigation with a row spacing config-
uration of 20 cm × 50 cm. The drip tape configuration followed the “one tube
for two rows”pattern, i.e., one lateral controlled two rows of sugar beet. Plot
size was 4 m × 12 m with a 1 m isolation zone between plots, arranged in a
randomized block design with three replications. To ensure emergence, all plots
were irrigated to soil saturated water content after sowing. Treatments began
through controlled irrigation amounts 105 days after emergence, and the sugar
accumulation stage ended 130 days after emergence.

1.3 Test Items and Methods

During the sugar accumulation stage, soil moisture at 20 cm, 40 cm, and 60
cm depths was monitored daily from 9:00–10:00 AM using Watermark sensors
(Irrometer Company, Riverside, CA). These values reflect soil water content
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status, with a measurement range of 0 to −2 bar (0 to −200 kPa), where 0 bar
indicates saturated soil water content and −2 bar indicates extreme drought.

At 0 h, 24 h, 48 h, and 72 h after rehydration in each treatment, fully expanded
sugar beet leaves were selected from each replication. Gas exchange parameters
were measured from 10:00 AM–12:00 PM using a Li-6400 (Li-Cor Inc., Lincoln,
USA) portable photosynthesis system, followed by destructive sampling. Corre-
sponding leaves and underground taproots were cut with scissors. One portion
of the material was immediately taken back to the laboratory for determination
of malondialdehyde (MDA) content and electrical conductivity. Another por-
tion was rapidly wrapped in aluminum foil and placed in a liquid nitrogen tank
for analysis of peroxidase (POD) and catalase (CAT) activities, as well as pro-
line (Pro) and soluble sugar contents. Yield and sugar content were measured
after the root expansion stage ended 130 days after emergence.

Sugar yield = single plant yield × sugar content × theoretical plants per hectare
× emergence rate (2)

Physiological indices were determined using methods referenced in [14-15]: MDA
content by the thiobarbituric acid method, electrical conductivity by conductiv-
ity meter, POD activity by the guaiacol method, CAT activity by the ultraviolet
absorption method, Pro content by the sulfosalicylic acid method, and soluble
sugar by the anthrone colorimetric method.

The water stress index (WSI) reflects the degree of deviation of each index from
the control under stress conditions and can be used to indicate the effect of
water stress on seedlings. The calculation formula is as follows [16]:

𝑊𝑆𝐼 = 𝑊𝑥𝑠
𝑋𝑐𝑘

where WSI (water stress index) is the water stress index for a particular param-
eter under water stress, Wxs is the measured value of a particular parameter at
a certain growth stage under water stress, and Xck is the measured value of the
corresponding parameter in the control. If a parameter change is negatively cor-
related with plant drought resistance, the reciprocal of Xws/Xck is used. WSI
values range from 0 to 1, with larger values indicating greater impact of water
stress on that parameter.

Recovery degree (Rd) refers to the closeness of each parameter’s recovery to
the control after water stress relief. It is calculated using the following formula
[16]:

𝑅𝑑 = 𝑋𝑟
𝑋𝐶𝐾

where Rd is the recovery degree of a particular parameter after water stress relief,
Xr is the measured value of a particular parameter after water stress relief, and
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XCK is the measured value of the corresponding parameter in the control (70%
field capacity treatment). If a parameter change is negatively correlated with
plant drought resistance, the reciprocal of Xr/XCK is used. Rd ranges from
0 to 1, with larger values indicating higher closeness to the control value and
better recovery after stress relief.

1.4 Data Processing

Data were statistically analyzed using SPSS 12.0 software. One-way ANOVA
and least significant difference (LSD) tests were used to compare differences
among different data groups (P<0.05). Figures were created using Origin 8.5
software.

2.1 Soil Water Potential Distribution in the Cultivated Layer Under
Different Water Treatments

During the sugar accumulation stage (105–130 days after seedling emergence)
in the two-year experiment, the average soil water potential in the 0–40 cm
soil layer ranged from −199 to −5 kPa. The fluctuation amplitude was smaller
under the mild water deficit treatment (T1), moderate under T2, and severe
under T3. Soil water potential increased slightly with soil depth. Compared
with the 20–40 cm soil layer, soil water potential decreased in the 0–20 cm
layer and increased slightly in the 40–60 cm layer, which may be related to the
placement of the Watermark sensors (Fig. 1 [Figure 1: see original paper]).

2.2 Effects of Water Treatments on Gas Exchange Parameters of Drip-
Irrigated Sugar Beet

Gas exchange parameters of sugar beet varied under different soil water condi-
tions (Fig. 2 [Figure 2: see original paper]). Leaf net photosynthetic rate, stom-
atal conductance, intercellular CO2 concentration, and transpiration rate in T3
treatment were significantly lower than those in T1 and T2 treatments both
before and after irrigation, possibly due to irreversible leaf damage caused by
excessively low soil water content under T3. The leaf gas exchange parameters
of T1 and T2 treatments showed different patterns before and after irrigation
in the two-year experiment. In 2014, before irrigation, leaf net photosynthetic
rate and transpiration rate showed T2>T1, while stomatal conductance and
intercellular CO2 concentration showed T1>T2. After irrigation, leaf net pho-
tosynthetic rate, stomatal conductance, and transpiration rate showed T1>T2,
while intercellular CO2 concentration showed T2>T1. In 2015, before irrigation,
leaf net photosynthetic rate and stomatal conductance showed T1>T2, while
transpiration rate and intercellular CO2 concentration showed T2>T1. After
irrigation, leaf net photosynthetic rate, stomatal conductance, and transpira-
tion rate showed T2>T1, while intercellular CO2 concentration showed T1>T2.
Although the leaf gas exchange parameters of T1 and T2 treatments differed
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before and after irrigation between the two years, leaf net photosynthetic rate
and intercellular CO2 concentration consistently showed opposite trends, indi-
cating that leaf growth in T2 treatment may have been limited by non-stomatal
factors [17].

2.3 Comparison of Water Stress Index and Recovery Degree of Drip-
Irrigated Sugar Beet Under Different Water Treatments

Water stress indices and recovery degrees of sugar beet leaves and taproots var-
ied under different soil water conditions (Table 1 ). Compared with mild water
deficit, moderate water deficit caused greater stress on malondialdehyde con-
tent, relative electrical conductivity, peroxidase activity, and proline content
in both leaves and taproots, but less stress on catalase activity. Severe water
deficit caused the greatest stress on proline and soluble sugar contents in leaves
and taproots, but the least stress on catalase activity. After rehydration, all
physiological indices recovered to varying degrees, with different recovery levels
between leaves and taproots. Relative electrical conductivity and peroxidase
showed higher recovery degrees in leaves than in taproots, while catalase, pro-
line, and soluble sugar showed lower recovery degrees in leaves than in taproots.
Recovery degrees of leaf malondialdehyde, relative electrical conductivity, per-
oxidase, and proline were greater than 1, indicating that positive compensation
effects were produced in cell membrane permeability, antioxidant defense sys-
tems, and osmotic adjustment substances of sugar beet leaves after rehydration.

2.4 Variance Analysis of Yield Traits of Drip-Irrigated Sugar Beet
Under Different Water Treatments

Two-year yield variance analysis showed (Table 2 ) that sugar beet root yield
and sugar yield differed significantly among the three soil water conditions,
increasing as the soil water control lower limit decreased, following the pat-
tern T3>T2>T1. Root yield and sugar yield under T3 treatment increased
by 51.34% and 51.47% compared with T1, and by 36.72% and 39.48% com-
pared with T2. Differences in root sugar content among treatments were not
significant, with two-year averages showing T3>T2>T1.

During the sugar accumulation stage, sugar beet root and leaf growth nearly
ceases, and dry matter transfers from aboveground parts to the root, accumu-
lating as sucrose in the root. Therefore, water demand is lower than during the
rapid leaf cluster growth and root expansion stages, and excessive water actu-
ally reduces sugar beet sugar content [18]. Research by Hou Zhen’an et al. [1]
showed that adequate water supply during the rapid leaf cluster growth stage
followed by limited water supply in the later stage can increase sugar beet root
sugar content and total sugar yield while improving water use efficiency. Chen
Yanyun et al. [17] pointed out that different irrigation timing and amounts have
different effects on sugar beet yield and quality; full irrigation increases yield
but reduces sugar content, and the later the irrigation timing and the higher the
frequency, the more sugar content decreases. The results of this study showed
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that the 30% field capacity treatment increased sugar beet yield and sugar yield
by 51.34% and 51.47% compared with 70% field capacity, and by 36.72% and
39.48% compared with 50% field capacity. Therefore, supplemental irrigation
when soil water content drops to 30% of field capacity during the sugar beet
sugar accumulation stage can achieve the goals of water saving, high yield, and
high quality.

Plants often respond to water stress through a series of physiological and eco-
logical changes [19-20], such as alterations in growth rate and biomass alloca-
tion patterns, water potential balance, transpiration rate, and enzyme activi-
ties [19,20-23]. Sugar beet during the leaf cluster growth stage can adapt to
water stress by regulating physiological and biochemical changes including pho-
tosynthetic rate, cell membrane permeability, protective enzyme activities, and
osmotic substances [12]. The results of this study showed that proline and sol-
uble sugar water stress indices were more sensitive to water deficit during the
sugar accumulation stage, and recovery degrees of leaf malondialdehyde, relative
electrical conductivity, peroxidase, and proline were greater than 1 after rehy-
dration, indicating that positive compensation effects were produced in leaf cell
membrane permeability, antioxidant defense systems, and osmotic adjustment
substances after rehydration following mild, moderate, and severe water deficit
during the sugar accumulation stage.

Water deficit affects crop photosynthetic physiological processes, causing de-
creases in net photosynthetic rate and transpiration rate, reduction in chloro-
phyll content, and accumulation of reactive oxygen species, hydrogen perox-
ide, and hydroxyl radicals, which damage photosynthetic membranes and sub-
sequently affect various photosynthetic processes. Some studies have shown
that rehydration after water deficit has a super-compensation effect on crop
photosynthetic rate and super-compensation accumulation of photosynthetic
products, facilitating their transport and distribution [24]. Leaf net photosyn-
thetic rate, transpiration rate, stomatal conductance, and yield all decrease with
increasing drought stress severity [25]. The results of this study showed that
leaf net photosynthetic rate of sugar beet decreased significantly under severe
water deficit. Net photosynthetic rate gradually decreased with increasing re-
hydration time, and intercellular CO2 concentration showed opposite trends to
other parameters among treatments, suggesting that leaf metabolic processes
may have been blocked after water stress. Further work is needed to elucidate
the relationship between soil water and sugar beet leaf growth and root sugar
accumulation from the perspectives of leaf stomatal number, stomatal morphol-
ogy, chloroplast anatomical structure, and ultrastructure.

Sugar beet can tolerate water deficit to 30% field capacity during the sugar
accumulation stage. This treatment produced the highest sugar beet yield and
sugar yield, increasing by 51.34% and 51.47% compared with 70% field capacity,
and by 36.72% and 39.48% compared with 50% field capacity. Proline and
soluble sugar contents in sugar beet physiological processes were most responsive
to water deficit and were positively correlated with water deficit degree, making
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them suitable indicators for monitoring water deficit status in sugar beet. After
rehydration, positive compensation effects were produced in leaf cell membrane
permeability, antioxidant defense systems, and osmotic adjustment substances
of sugar beet. Therefore, supplemental irrigation when soil water content drops
to 30% of field capacity during the sugar accumulation stage can achieve the
goals of water saving, high yield, and high quality for drip-irrigated sugar beet
in arid regions.

References

[1] Hou Z A, Liu R M, Zhu J Z, et al. Effect of irrigation water amount to the
sugarbeet growth and sugar accumulation[J]. China Beet & Sugar, 1999(6): 2–
6

[2] Li F X, Zhou H Q, Xu Y C. Research on optimal irrigation system of sug-
arbeet in Ningxia Irrigation District[J]. Chinese Journal of Agrometeorology,
1998, 19(5): 1–3

[3] Yang C J, Luo Y, Sun L, et al. Effect of water stress on root vigor and leaf
physiology of cotton under mulch drip irrigation[J]. Arid Zone Research, 2012,
29(5): 802–810

[4] Liu T, Li Z, An S Z, et al. Effects of drought stress on physiological and
biochemical properties of Kochia prostrata (L.) Schrad. seedlings[J]. Arid Zone
Research, 2008, 25(2): 231–235

[5] Ha S, Vankova R, Yamaguchi-Shinozaki K, et al. Cytokinins: Metabolism
and function in plant adaptation to environmental stresses[J]. Trends in Plant
Science, 2012, 17(3): 172–179

[6] Ma S C, Zhang X C, Duan A W, et al. Regulated deficit irrigation effect
of winter wheat under different fertilization treatments[J]. Transactions of the
CSAE, 2012, 28(6): 139–143

[7] Zhao L Y, Deng X P, Shan L. A review on types and mechanisms of compen-
sation effect of crops under water deficit[J]. Chinese Journal of Applied Ecology,
2004, 15(3): 523–526

[8] Rui H Y, Wang L N, Jin L, et al. Effect of drought stress at seedling on
protective enzyme activity and MDA content of different soybeans[J]. Soybean
Science, 2013, 32(5): 647–649

[9] Gao Y, Lou K, Li C. Effect of exogenous glycine betaine on the physiological
responses of cotton seedlings under salt stress[J]. Transactions of the CSAE,
2011, 27(S): 244–248

[10] Liu F, Shen S H, Li Y X, et al. Effect of water stress on maize photosyn-
thetic characteristics in different growth stages[J]. Journal of the Meteorological
Sciences, 2013, 33(4): 378–383

chinarxiv.org/items/chinaxiv-201711.02389 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02389


[11] Wang Y G, Meng X Y, Peng S M, et al. Effects of water stress on pho-
tosynthetic characteristics and antioxidant enzyme activities of jujube leaves
in Southern Xinjiang[J]. Journal of Shihezi University: Natural Science, 2014,
32(1): 28–31

[12] Li Y Y, Geng Q Y, Fei C, et al. Physiological responses of sugar beet (Beta
vulgaris) to drought stress during vegetative development period under drip
irrigation[J]. Chinese Journal of Applied Ecology, 2016, 27(1): 201–206

[13] Han Z J, Yu Z W, Wang D, et al. Effects of regulated deficit irrigation on
water consumption characteristics and water use efficiency of winter wheat[J].
Chinese Journal of Applied Ecology, 2009, 20(11): 2671–2677

[14] Li H S. Principles and Techniques of Plant Physiological and Biochemical
Experiment[M]. Beijing: Higher Education Press, 2000

[15] Zhang Z L, Qu W J. Experiment Guide of Plant Physiology[M]. 3rd ed. Bei-
jing: Higher Education Press, 2003

[16] Wang D, Yao J, Yang X, et al. Changes of leaf water potential and water
absorption potential capacities of six kinds of seedlings in Karst mount area
under different drought stress intensities: Taking six forestation seedlings in
Karst mountainous region for example[J]. Acta Ecologica Sinica, 2011, 31(8):
2216–2226

[17] Chen Y Y, Wan X F, Wang D K, et al. Irrigation research of sugar beet in
semiarid region[J]. China Beet & Sugar, 1995(6): 12–14

[18] Lin F, Wang W C, Fan H, et al. Effects of water and nitrogen interaction
on the yield and quality of sugar beet with mulch drip irrigation[J]. Journal of
Shihezi University: Natural Science, 2013, 31(4): 418–424

[19] Flexas J, Medrano H. Drought-inhibition of photosynthesis in C3 plants:
Stomatal and non-stomatal limitations revisited[J]. Annals of Botany, 2002,
89(2): 183–189

[20] Chen P, Meng P, Zhang J S, et al. Effects of drought stress on growth
and water use efficiency of two medicinal plants[J]. Chinese Journal of Applied
Ecology, 2014, 25(5): 2113–2119

[21] Shi X, Wang M X, Yao Y Q, et al. Effects of water deficit on dry matter
accumulation, WUE and physiological indexes of maize[J]. Arid Zone Research,
2009, 26(3): 396–400

[22] Rouhi V, Samson R, Lemeur R, et al. Photosynthetic gas exchange charac-
teristics in three different almond species during drought stress and subsequent
recovery[J]. Environmental and Experimental Botany, 2007, 59(2): 117–129

[23] Wang L B, Zu W, Dong S K, et al. Effects of drought stresses and times on
compensation effect after re-watering in soybean[J]. Transactions of the CSAE,
2015, 31(11): 150–156

chinarxiv.org/items/chinaxiv-201711.02389 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02389


[24] Meng Z J, Liu A N, Pang H B, et al. Studied on physiological mechanism
and indices of regulated deficit irrigation in summer maize[J]. Transactions of
the CSAE, 1998, 14(4): 88–92

[25] Wang T, Hai M R, Luo H Q, et al. Effect of water stress on leaf photo-
synthetic characteristics and yield of potato[J]. Journal of Yunnan Agricultural
University, 2010, 25(5): 679–683

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.02389 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02389

	Physiological Response of Drip-Irrigated Sugar Beet to Water Deficit During the Sugar Accumulation Stage: Postprint
	Abstract
	Full Text
	Physiological Response of Sugar Beet (Beta vulgaris L.) to Water Deficit at Sugar Accumulation Stage Under Drip Irrigation
	Abstract
	Introduction
	1.1 Study Area Description
	1.2 Experimental Design
	1.3 Test Items and Methods
	1.4 Data Processing
	2.1 Soil Water Potential Distribution in the Cultivated Layer Under Different Water Treatments
	2.2 Effects of Water Treatments on Gas Exchange Parameters of Drip-Irrigated Sugar Beet
	2.3 Comparison of Water Stress Index and Recovery Degree of Drip-Irrigated Sugar Beet Under Different Water Treatments
	2.4 Variance Analysis of Yield Traits of Drip-Irrigated Sugar Beet Under Different Water Treatments
	References



