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Light-response characteristics of photosynthesis of drip-irrigated sugar
beet under different nitrogen fertilizer managements
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Abstract

Effects of two split application ratios of nitrogen fertilizer (R1: half of the total nitrogen fertilizer was applied on 13 June,
and the rest was applied on 1 July; R2: two equal amounts of N fertilizer accounting for 70% of total were applied
on 15 June and 1 July, respectively, and the rest was applied on 1 August) and three N fertilizer application rates (75,
150, and 225 kg ha™') on chlorophyll content, photosynthetic characteristics, and root yield of sugar beets were studied.
The results showed that with N fertilizer application rates of 150 and 225 kg ha™!, R2 treatment significantly decreased
light-compensation point, but increased light-saturation point and actual photochemical efficiency at the storage root
development compared to R1 treatment. The R2 treatment with the N fertilizer application rate of 150 kg ha™' significantly
increased sugar yield by 5-29% compared to other treatments.
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Introduction

Sugar beet is the second crop in the use for sugar production
worldwide (Jay et al. 2017). Sugar from sugar beets
accounts for approximately 26% of total sugar production
in China (Geng and Yang 2015). In recent years, due to
the natural disasters and market volatility, Chinese sugar
production has been in short supply. Xinjiang is one of
primary sugar production bases in China, and its sugar
beet yield ranks first in China (Fan ef al. 2016). The sugar
content of sugar beets planted in Xinjiang, however,
has been declining. With the implementing of ‘price in
accordance with quality’ by sugar-refining companies,
in order to ensure the yield of tuberous roots, while also
improving the quality, it is an urgent problem to be solved.

The o-N (ammonia nitrogen) is one of the most
important factors affecting the tuberous root quality
of sugar beets; it contributes to the formation of a kind
of honey-like nonsugar substance that reduces sugar
content which cannot be removed by washing and filling
processes during sugar refining. The main components of
the substance include amino acids, betaine, and nitrate N.
The betaine content in tuberous roots is basically stable
for the entire growth stage, while the contents of total N
and various forms of N are greatly affected by cultivation
and climate (Qu and Cui 1994). Previous studies have
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shown that when N supply is insufficient, N is always
accumulated in the highly competitive new leaves, causing
older leaves to wither early, which, thereby, affects the
tuberous root expansion and sugar accumulation during
the late growth stage and leads to a decrease in yield.
Excess N, however, always leads to the vigorous growth
of aboveground tissues and late ripening, increasing the
contents of a-N and ash in tuberous roots (Bagherzadeh et
al. 2014, Kiymaz and Ertek 2015, Barzegari et al. 2017).
In addition, due to the rapid decrease in N uptake during
the middle and late growth stages of sugar beets, the N
demand for tuberous roots is mainly met by the reuse of
the N accumulated in sugar beet leaves during the early
and middle growth stages (Shao 1991). The N should be
applied to soil before the middle growth stage; otherwise,
it will reduce tuberous root quality (Malnou et al. 2008).
However, some studies have suggested that a small amount
of N applied during the late growth stage of sugar beet
could delay leaf and root senescence and increase the yield
and sugar content of tuberous roots (Tsialtas and Maslaris
2008). Therefore, how to use N to coordinate the root
and leaf growth and to maintain adequate photosynthetic
capacity without reducing tuberous root quality during late
growth stage is important for the drip-irrigated sugar beet
cultivation in arid areas.

Photosynthesis is the most important physiological
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activity in green plants; it provides necessary materials
and energy for growth and determines the yield and
quality (Zheng et al. 2013). Crops have different light-
response characteristics at different growth stages.
Studying the light-response characteristics increases the
understanding of photosynthesis (Lang ef al. 2011, Duan
et al. 2017). Chl fluorescence allows the rapid detection
of plant photosynthesis and is commonly used to evaluate
the functions of photosynthetic organs (Lin ef al. 2013).
Studies on the relation between plant photosynthesis and
N have shown that the application of N can increase Chl
content and improve the activities of related enzymes to
increase the photosynthetic capacity of leaves. When N
application rate is decreased, photosynthetic capacity is
reduced (Westoby 2004, Pal et al. 2005, Li et al. 2013).
Nitrogen has a significant effect on Chl fluorescence
parameters (Khamis ez al. 1990, Hak et al. 1993, Shangguan
et al. 2000, Li et al. 2015), affecting leaf photosynthesis
and root yield and quality of sugar beets (Bindraban 1999,
Ruiz et al. 2008, Miranzadeh ef al. 2011). Nitrogen affects
plant photosynthetic efficiency by affecting the maximum
net photosynthetic rate, light-compensation point, light-
saturation point, and dark respiration rate in response to
light; such effect has also been demonstrated in crops
such as corn, wheat, and rice (Sun et al. 2009, Wang et al.
2014, Zhang et al. 2015, 2017b). However, few studies
have focused on light-response characteristics and Chl
fluorescence parameters of sugar beets with different split
applicationratios of N fertilizer. Therefore, we hypothesized
that nitrogen fertilizer application rate and split application
ratio might affect photosynthetic characteristics of sugar
beet leaves, thereby affecting yield and quality of tuberous
roots. In this study, the experiment with different nitrogen
fertilizer application rates and split application ratios
was designed, and the light-response characteristics of
leaf photosynthesis of sugar beets with different split
application ratios were determined to provide references
for scientific N fertilizer application in drip-irrigated sugar
beet cultivation in arid areas.

Materials and methods

Study area: This study was conducted at the experimental
station of Agricultural College, Shihezi University, China
(44°20'N, 88°30'E) from April to October 2016. The study
area belongs to the temperate continental climate. The
average temperature during the entire growth stage was
21.2°C, the average annual rainfall was 189.1-200.3 mm,
the annual evaporation was 1,517.5-1,563.8 mm, and
the average frost-free stage was 170 d. The 0-20 cm tillage
layer is irrigated gray desert soil, and the texture is heavy
loam. The soil tilled layer has 0.76 g(total N) kg™', 0.021 g
(available P) kg, 0141 g(available K) kg, 0.063 g (alkali-
hydrolysable N) kg, and 13.27 g(organic matter) kg
Soil pH is 7.5.

Experimental design: In this experiment, two splitapplica-
tion ratios [R1: half of the nitrogen fertilizer [CO(NH,),]
(46% N) was applied with drip irrigation on 13 June, and
the rest was applied on 1 July (at the canopy development);

R2 (nitrogen fertilizer postponed): two equal amounts of
N fertilizer accounting for 70% totally were applied with
drip irrigation on 15 June and 1 July, respectively (at the
canopy development), and the rest was applied on 1 August
(at the storage root development)] and three application
rates (N1: 75 kg ha™!, N2: 150 kg ha™!, and N3: 225 kg ha™')
were included in the test with a completely randomized
design. A 1-m wide border between each plot (4 x 6 m) was
set, and three replicates were included for each treatment.
Irrigation (7,500 m® ha™') was applied during the entire
growth stage, with one drip irrigation tape laid between two
rows of sugar beets. P and K fertilizers [345 kg(P,Os) ha™';
210 kg(K,0) ha'] were applied once as base fertilizers.
Sugar beet seeds (Beta356, Beta Seed Company, USA)
were sown on 20 April, with a row spacing of 20 cm and
a plant spacing of 50 cm.

Px-PAR curve fitting method: After all N fertilizer was
applied, sunny and cloudless days were selected at the
end of storage root development (23 August) and sugar
accumulation stage (17 September) to measure the light-
response characteristics for functional leaves (the 15" leaf
at the storage root development and the 35" leaf at the sugar
accumulation stage) with the Li-6400XT (LI-COR, USA)
portable photosynthesis system. The red and blue light
sources were used to set 2,400; 2,200; 1,800; 1,600; 1,200;
800,600,400,200,150,100,50,and 0 umol(photon) m2s';
data were obtained after stabilization.

The nonrectangular hyperbola model proposed by
Thornley (1976) was used to describe the light response
characteristics:

(p[ + PN max— {((\DI + Px max]z - 4k(pIPN max
2k

where Py is the net photosynthetic rate [umol m? s'];
@ is the AQE [mol pmol']; Pymax is the light-saturated net
photosynthetic rate [umol m2 s'];  is the photosynthetic
active radiation [pumol m™? s']; k£ is the photoresponse
curve angle (dimensionless); and Rp, is the dark respiration
rate [umol m~ s7']. Data fitting was performed to obtain
the maximum net photosynthetic rate (Pnmax), apparent
quantum efficiency (AQE), light-compensation point
(LCP), light-saturation point (LSP), dark respiration rate
(Rp), and curve angle (k). Linear regression was performed
for 0200 pmol(photon) m2 s'. The intersections of
regression lines with the two horizontal lines and the net
photosynthetic rates at 0 (x-axis) and Pnmax are the LCPs
and LSPs, respectively (Ye and Yu 2008).

1/2

Pn= —Rp

Acquisition of PSIT Chl fluorescence parameters: Sugar
beet leaves after the measurement of light-response
characteristics were used to measure the initial fluorescence
yield (Fo) and the maximum fluorescence yield (F,,) under
dark adaptation with PAM-2500 chlorophyll fluorometer
(Walz, Germany). After the fluorescence value stabilized,
the saturation pulse light was turned on to determine the
steady-state fluorescence yield (F,) at any time and the
maximum fluorescence yield (F.") under light adaptation.
The F,/F,, was calculated as (F,, — Fo)/F... The ®psip was

805



C.FEletal.

calculated as (Fy,' — F,)/F'".

Determination of the leaf pigment content: Sugar beet
leaves after the measurement of Chl fluorescence para-
meters were used. Destructive sampling was carried out,
and the photosynthetic pigment content was determined
with the method of Arnon (Jagtap et al. 2011). Total Chl
was determined with spectrophotometer /3 (Hai Neng,
China).

Statistical analysis: The data were statistically analyzed
using analysis of variance (ANOVA) and Duncan's multiple
range tests at P<0.05 or P<0.01 with the SPSS 12.0
software (SPSS Inc., Chicago, USA). Plotting was
completed with software Origin 8.5 (OriginLab, USA).

Results

Light-response curves: The Py gradually decreased with
the growth of sugar beets. With the application rate of N1,
R2 treatment could not significantly increase the Py during
the late growth stage compared to R1 treatment (Fig. 1C,D).
However, with the application rates of N2 and N3, R2
treatment significantly increased the Py at the storage root
development (Fig. 14,B) but had no significant effect at
the sugar accumulation stage compared with R1 treatment
(Fig. 1C,D).

Light-response curve fitting parameters: The results
showed that the nonrectangular hyperbolic model could
describe the parameters of light-response characteristics
well, and all coefficients of determination for the fitting
curves were above 0.95 (Table 1). For R1 and R2 treat-
ments, the Pumax and AQE at storage root development with
the application rate of N3 were higher than those with the
application rates of N1 and N2; with the application rates
of N2 and N3, R1 treatment significantly increased the
Prmax by 25.1 and 36.7%, respectively, and R2 treatment

significantly increased the Pxma by 106.6 and 127.0%,
respectively, compared to those with the application rate
of N1. The LSP increased first and then decreased with
the increase of nitrogen fertilizer application rate, but the
changes of Rp and LCP had no obvious regularity. For R1
and R2 treatments, the Pyma at sugar accumulation stage
with the application rate of N2 were higher than those with
NI and N3, and the LCP with the application rate of N1
were higher than those with N2 and N3. The changes of
AQE, LSP, and Rp had no obvious regularity (Table 1).

At storage root development, with the application rate
of N1, the Pxmax and LSP for R1 treatment were 49.8 and
4.2% higher than those for R2 treatment, respectively;
with the application rates of N2 and N3, the Pma for
R2 treatment were 10.2 and 11.1% higher than those for
R1 treatment, respectively, and the LSP for R2 treatment
were 22.0 and 10.5% higher than those for R1 treatment,
respectively. The AQE for R1 and R2 treatments had no
significant difference, while the LCP and Ry, for R1 treat-
ment were significantly higher than those for R2 treatments.
At sugar accumulation stage, the Pymex and AQE for R1 and
R2 treatments had no significant difference; the LCP and
LSP for R1 treatments were significantly higher than those
for R2 treatments; and the change of Rp had no obvious
regularity (Table 1).

Relationships between photosynthetic capacity and
biological factors: The nitrogen content of leaf increased
withtheincreaseofnitrogenfertilizerapplicationrate(Fig.2).
At the storage root development, with the application
rates of N1 and N2, the nitrogen contents of leaf for R2
treatments were 21.1 and 12.3% higher than those for
R1 treatments, respectively; and there was no significant
difference in nitrogen content of leaf between R1 and R2
treatments with the application rate of N3 (Fig. 24,B).
At the sugar accumulation stage, there was no significant
difference in the nitrogen content of leaf between R1 and
R2 treatments with the three application rates (Fig. 2C,D).

30 O
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25 @ N2 A

N3
20+

151
10+

P, [umol m? 3'1]
O

D Fig. 1. Light-response curves of sugar
beet plants under different N fertilizer
management. Light-response curves under
split application ratio R1 (4) and R2 (B) in
storage root development. Light-response
curves under split application ratio R1 (C)

and R2 (D) in sugar accumulation stage.
Values are means of three replicates.
N1, N2, and N3 indicate 75, 150, and

-5 . . . . L L L L 225 kg(N fertilizer) ha™', respectively.
0 500 1000 1500 2000 0 500 1000 1500 2000 2500 PAR — photosynthetically active radiation.
R1 PAR [umol m® s™] Py — photosynthetic rate.

806



LIGHT RESPONSE CHARACTERISTICS OF SUGAR BEET UNDER NITROGEN FERTILIZER MANAGEMENT

The Pamax and LSP at storage root development and sugar
accumulation stage and the AQE at storage root
development had a positive relation with the leaf nitrogen
content. However, the LCP at storage root development
and sugar accumulation stage and the AQE at sugar
accumulation stage had a negative relation with nitrogen
content of leaf (Table 3).

RMSE
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Table 1. Parameters of sugar beet leaf photosynthetic light-response curve under effects of three application rates (N) and two split application ratios (R)
Different lowercase letters indicate significant difference under all treatments at P<0.05, different uppercase letters indicate significant difference in different split
ratio
R1
R2
R1
R2

application ratios with the same amount of nitrogen at P<0.01. N1: 75 kg ha™!, N2: 150 kg ha™!, and N3: 225 kg ha™'. Pymx — light-saturated net photosynthetic

rate; AQE — apparent quantum efficiency; LCP — light-compensation point; LSP — light-saturation point; Rp — dark respiration; k£ — curvature of the curve; RMSE

— Root mean square error.

Stage
Storage root
development
Sugar
accumulation

Leaf Chl content and Chl fluorescence parameters:
With the growth of sugar beets, the Chl content of leaf
decreased slightly. The N fertilizer split application ratios,
application rates, and their coeffect had significant effects
on the Chl content. The Chl content for R2 treatment with
the application rate of N2 was the highest during the late
growth stage, and it was significantly higher than those for
other treatments (Fig. 34,B).

The three application rates and two split application
ratios had no significant effect on the maximum photo-
chemical efficiency (F./F.) of PSII, which was above 0.8
for all treatments (Fig. 3C,D). The actual photochemical
efficiency (®ps;) for R1 and R2 treatment with the
application rate of N2 was higher than those with the
application rates of N1 and N3 during the storage root
development; and the ®ps; for R2 treatment was higher
than that for R1 treatment with the same application rate.
There was no significant difference in the ®pg; between all
treatments during sugar accumulation stage (Fig. 3E,F).

Yield and quality: The effects of the three application
rates and two split application ratios on yield and quality of
tuberous roots were different (Table 4). The sugar yield and
root quality were significantly affected by split application
ratios, application rates, and their coeffect. The root yield
and the contents of Na, K, and a-N increased with the
increase of nitrogen fertilizer application rate. The sugar
content and sugar yield increased first and then decreased
with the increase of nitrogen fertilizer application rate;
sugar contents and sugar yields were the highest with
the application rate of N2. With the same application
rate, R1 and R2 treatments had different effects on the
quality and yield of sugar beet tuberous roots (Table 4).
With the application rate of N1, the root yield for R1
treatment was 4.4% higher than that for R2 treatment; with
the application rate of N2, the root yield for R2 treatment
was 5.3% higher than that for R1 treatment. There was

4.0
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TREATMENT

Fig. 2. Changes of nitrogen content in leaves (NCL) of sugar beet
in storage root development stage under R1 (4) and R2 (B) split
application ratio and in sugar accumulation stage under R1 (C)
and R2 (D) split application ratio. Values are means of
three replicates = SD. N1, N2, and N3 indicate 75, 150, and
225 kg(N fertilizer) ha™, respectively.
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Table 2. Significance analysis of nitrogen application rate (N), split application ratios (R), and their coeffect (R x N) on light-response
characteristics of sugar beet. * — influence is significant at the 0.05 level, ** — influence is highly significant at the 0.01 level, ns — not
significant. Pnmax — light-saturated net photosynthetic rate; AQE — apparent quantum efficiency; LCP — light-compensation point;
LSP - light-saturation point; Rp — dark respiration; k — curvature of the curve.

Stage Source of variation  Pymax AQE LCP LSP Rp k

Storage root development R ns ns ok ns ok ns
N sk sk k% ns *k ns
R xN o ns * o ns ns

Sugar accumulation R *x *E *E *E * ns
N sk sk k% sk k% *%
R XN *%k *k k% *k ok ns

Table 3. Correlation between nitrogen content of leaf and photosynthetic parameters at different stages of sugar beet plants.
* — correlation is significant at the 0.05 level, Pxmax — light-saturated net photosynthetic rate; AQE — apparent quantum efficiency; LCP
— light-compensation point; LSP — light-saturation point; Rp — dark respiration.

Stage Primax AQE LCP LSP Rp
Storage root development N content  0.640 0.601 —0.544 0.194 —0.124
Sugar accumulation 0.868" —0.585 —-0.728 0.730 —0.653
J
N1 s N| *x sk
al = R* N* RxN P R — g
Ens
e Y a
2 3 b b b b _a e
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a . N
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5 05 d od T 1
© T t
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STORAGE ROOT DEVELOPMENT SUGAR ACCUMULATION STAGE

Fig. 3. Chlorophyll (Chl) content in storage root development (4) and sugar accumulation stage (B), maximal quantum yield of PSII
photochemistry (F,/Fy,) in storage root development (C) and sugar accumulation stage (D), effective quantum yield of PSII photochemistry
(Dpspy) in storage root development (E), and sugar accumulation stage (F) of sugar beet. Values are means of five replicates + SD. Means
of each parameter were analyzed using Duncan's multiple range tests to check the significance of difference between treatments.
Columns marked with different lowercase letters indicate significant difference between treatments at P<0.05. N1, N2, and N3 indicate
75, 150, and 225 kg(N fertilizer) ha™!, respectively. ns — not significant,** — influence is highly significant at the 0.01 level..

no significant difference in root yield between R1 and R2 sugar content between R1 and R2 treatments. The changes
treatments with the application rate of N3. With the three of sugar yield and root yield were similar. R2 treatment
application rates, there was no significant difference in with the application rate of N2 significantly increased
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Table 4. Effects of three application rates (N) and two split application ratios (R) on yield and quality of sugar beet. Different lowercase
letters indicate significant difference under all treatments at P<0.05, different uppercase letters indicate significant difference in different
split application ratios with the same amount of nitrogen at P<0.01. N1, N2, and N3 indicate 75, 150, and 225 kg(N fertilizer) ha™',
respectively. ns — not significant,** — influence is highly significant at the 0.01 level.

Split application ratio Nitrogen Root yield Sugar content  Sugar yield Na* K a-N
[x 10° kg hm?] [%] [x 10° kg hm?] [mmol 100g"] [mmol 100g'] [mmol 100g™"]

R1 N1 98.914¢ 14.744° 14.584¢ 1.818d 4.714¢ 1.654¢
N2 97.018¢ 16.214 15.378 2.5]8¢ 5.64% 5.8340
N3 106.9242 13.747° 14.69%¢ 3.9244 5.034° 6.084

R2 N1 94,7284 12.898¢ 12.5184 2.324¢ 4.588¢ 1.694¢
N2 102.184° 15.78A® 16.122 3.364° 3.9484 3.465
N3 106.5942 13,7140 14.614¢ 4.104a 4.444¢ 4.758¢

Source of variation

R ns ns kk sk kk sk

N k3k sk ksk sk ns sk

R X N sk ns sk sksk sk sk

sugar yield by 5-29% compared with other treatments.
With the three application rates, the contents of sodium and
potassium ions and a-N in tuberous roots for R2 treatments
were generally lower than those for R1 treatments. The
sugar content and sugar yield for R2 treatment with the
application rate of N2 were significantly higher than those
for R1 and R2 treatments with the application rate of N1
and N3.

Discussion

Nitrogen is one of the most important nutrients that play
a significant role in photosynthesis. Many studies have
shown that when the N supply is increased within a certain
range, the leaf Py, stomatal conductance, water-use
efficiency, carboxylation efficiency, AQE, and maximum
electron transfer rate can be improved (Duan et al. 2017,
Gaiet al. 2017, Bote et al. 2018), whereas excess N supply
cannot improve the leaf photosynthesis continually but
it eventually leads to reductions in some photosynthesis
parameters. Our result showed that the Pmax increased with
the increase of nitrogen fertilizer application rate and was
positively correlated with nitrogen content of leaf (Fig. 1,
Table 3), which was consistent with results of Wang ef al.
(2014) and Sun et al. (2018). It may be due to the high
Chl content and nitrogen content of the leafs. The AQE
indicates the ability of crops to use weak light (Duan et al.
2017). Our results showed that nitrogen content of the leaf
was positively correlated with the AQE during storage root
development, and the application of nitrogen fertilizer in
this stage could improve the use of weak light (Fig. 2). In
the sugar accumulation stage, nitrogen content of leaf was
negatively correlated with the AQE, while the nitrogen
fertilizer postponement (R2) could improve the ability of
sugar beet leaves to use weak light with the application
rate of N2, which might be due to increasing nitrogen
content in the early stage increased the activity of Rubisco
in leaves, thus improving photosynthetic efficiency, while
excessive application of nitrogen fertilizer increased the

leaf putrescine content, affecting the photosynthesis during
the later growth stages of leaves (Sun et al. 2018). The
changes of the LCP and Rp were the same. For the same
application rate, the LCP and Rp for R1 treatment were
higher than those for R2 treatment; the LCP and Rp for
R1 treatment decreased with the increasing application
rate, while those for R2 treatment increased first and then
decreased with the increasing application rate, which might
be due to the coeffects of nitrogen fertilizer application
rate and split application ratio (Table 2).

Chl plays an important role in photosynthesis (Chen
2014). Chl content indicates leaf light energy absorption
and utilization (Lin ez al. 2009). Our results showed that
the Chl content increased with the increase of nitrogen
fertilizer application rate, and beyond a certain range,
Chl content of leaf cannot be affected by application rate,
which was similar to the results of previous studies (Chen
and Cheng 2004, Lin ef al. 2016). With the application
rates of N1 and N2, nitrogen fertilizer postponement (R2)
could increase the Chl content of leaf during storage root
development and sugar accumulation stage; with the
application rate of N3, the split application ratio did not
change the Chl content of leaf in the late growth stage.
When external factors change, changes in Chl fluorescence
parameters can reflect the effect of external factors on plants
(Guarini and Moritz 2009). The three application rates and
two split application ratios did not affect the F./F,,, which
indicated that N fertilizer had little effect on the F./F,.
Some parameters of Chl fluorescence were significantly
affected by nutrients. When nitrogen fertilizer was over-
applied, the ®@ps; decreased (Feng et al. 2015), which was
similar to our results (Fig. 3E.F). With the application
rates of N2 and N3, nitrogen fertilizer postponement could
increase the ®pgy; at storage root development, increasing
the photosynthetic capacity of leaves.

Photosynthesis is a key factor affecting crop yield (Teng
et al. 2004). More attention should be paid to improving
photosynthetic efficiency and respiration rate to break
down potential obstacles affecting the yield (Long et al.
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2015). Nitrogen fertilizer affects crop yield through
affecting photosynthesis (Makino 2011). The application
of nitrogen fertilizer can increase tuberous root yield
(Kiymaz and Ertek 2015). Previous studies have found
that the Pumax can reflect crop yield (Zhang et al. 2017a).
In our study, the Pnmax and root yields for R1 and R2
treatments with the application rates of N2 and N3 were
higher than those with N1 (Table 4). Liu and Li (2016)
found that nitrogen deficiency in the early growth stage of
rice would lead to the decrease of Py in flag leaves. In our
study, with the application rate of N1, nitrogen fertilizer
postponement decreased the photosynthetic capacity at
root storage development and sugar accumulation stage,
limiting dry matter production. This might be due to the
decrease of photosynthesis-related enzymes activity caused
by nitrogen deficiency in the early stage. Yang et al. (2015)
showed that nitrogen fertilizer postponement could
increase Chl content of winter wheat leaves after anthesis,
slow down the decrease of photosynthetic rate of flag
leaves, and increase dry matter content. In our study with
the application rates of N2 and N3, nitrogen fertilizer
postponement could prolong the photosynthesis time of
leaves at storage root development and improve the ability
of leaves to use weak light at sugar accumulation stage,
thereby improving photosynthesis, which was particularly
significant with the application rate of N2. Cheng et al.
(2015) showed that nitrogen fertilizer postponement could
improve the yield of summer maize and nitrogen-use
efficiency. The root yield also showed the same result: with
the application rate of N2, nitrogen fertilizer postponement
increased root yield and sugar yield (Table 4). Sylvite (KC1
in natural mineral form) and sodium salt are honey making
agents, which can retard sucrose crystallization and have
great influence on sucrose extraction rate. The contents of
potassium ion and a-N in tuberous roots for R2 treatments
were lesser than those for R1 treatments with the three
nitrogen fertilizer application rates, which indicated that
the quality of sugar beet tuberous roots could be improved
by nitrogen fertilizer postponement.

In conclusion, nitrogen fertilizer postponement and
appropriate nitrogen fertilizer application rate can improve
leaf photosynthesis and delay leaf senescence for drip-
irrigated sugar beets during the late growth stage, which
can improve sugar yield and quality of sugar beet tuberous
roots. Therefore, when applying nitrogen fertilizer during
sugar beet cultivation, not only the influence of nitrogen
fertilizer application rate, but also the influence of split
application ratio should be considered.
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