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Abstract 
 

The present study investigated the effects of irrigation and phosphorus fertilizer on dry matter accumulation and phosphorus 

use efficiency in sugar beet for two growing seasons during 2016 and 2017, using H003 cultivar. The experiment was 

comprised of four treatments including NP0K-rainfed (C1), NPK-rainfed (C2), NP0K-irrigation (C3), and NPK-irrigation 

(C4) using 105 kg P ha
-1 

compared with 0 kg P ha
-1

. The results showed that during the whole growth period of crop, 

chlorophyll contents was in the order of C4 > C3 > C2 > C1. The sugar contents were higher in irrigation treatments than rain-

fed. At harvest, 105 kg P ha
-1 

under NPK-irrigation treatment had the highest sugar yield up to 11.59 and 10.64 t∙hm
-2

 in 2016 

and 2017 respectively. The percent increase in yield was 20.19–27.07%, 15.79–21.62% and 14.57–14.93% than C1, C2 and 

C3 treatments, respectively. In C4 treatment, the dry matter accumulation in roots and leaves were 25.36 and 27.48 t∙hm
-2

,
 
9.22 

and 10.67 t∙hm
-2

 in 2016 and 2017 respectively, with 0.39% and 5.53, 11.61 and 25.02% higher than in C2 treatment. The 

phosphorus accumulation in roots of C4 treatment at harvesting was 9.46 and 9.97 t∙hm
-2

 while phosphorus accumulation in 

leaves of same treatment was 3.58 and 3.80 t∙hm
-2

 in 2016 and 2017, respectively. In irrigation treatments, the utilization 

efficiency of phosphate fertilizer was 16.97 and 17.33% in 2016 and 2017, respectively, with 25.52 and 29.02% higher than 

corresponding rainfed treatment, indicating that irrigation could significantly improve the utilization efficiency of P fertilizer. 

© 2021 Friends Science Publishers 
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Introduction 
 

Sugar beet (Beta vulgaris L.), as an excellent sugar crop, 

plays an important role in agricultural production (Zhou et 

al. 2011). Sugar beet requires various mineral nutrients 

during its whole growth period, including C, H, O, N, P, K, 

S, Ca, Fe, B, Zn, Mn and CI, etc. (Zhou et al. 2015). Among 

these, N, P and K are required in high amount because 

limited in soil therefore must be supplied in the production 

of sugar beets (Christmann et al. 1990). The sugar beet is a 

fertilizer loving crop and very sensitive to its deficiency 

(Fan et al. 2014, 2015). Multi-spot field tests in Northeast 

China showed that N and P were still the most important 

limiting factors to gain higher yield in beets, and N, P and K 

fertilizers had an impact on the quality of sugar beets (Zhou 

et al. 2011). In most agricultural soils, total P content is 

adequate and available P for plants only accounts for a small 

proportion (Rodríguez et al. 1999; Liu et al. 2015; Soratto et 

al. 2015; Bai et al. 2016). The P in soil solution is in a 

dynamic equilibrium, the fixed and adsorbed P can be 

transformed into available P under certain conditions (Shao 

et al. 1991; Lin 2013; Soratto et al. 2015; Estrada-Bonilla et 

al. 2017; Jacobs et al. 2018). Under same field conditions, 

the sugar content of sugar beet decreases with the increase 

of N application, but increases with the increase of P 

application. Lack of N and P leads to an output reduction of 

19 and 12% respectively, both reaching a significant level 

above 5% (Rao et al. 2012; Sousa et al. 2015; Dong et al. 

2016; Wu et al. 2016). Water is also very important for beet 

growth and development. In the rapid growth period of 

leafage, each plant can transpire one liter of water into the 

atmosphere every day, hence, a favorable water condition is 

conducive to the growth of beets. Northwest and North 

China are two main sugar beet producing regions in China, 
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where drought condition prevails due to the temperate 

continental climate. Compared to the two regions, Northeast 

China is better in water conditions for it has the temperate 

monsoon humid climate (Chen et al. 2011; Xu et al. 2012).
 

Water and fertilizer technologies not only reduce water and 

fertilizers inputs but also help to achieve high-quality 

products and high yield (Zhou et al. 2015; Liu et al. 2016). 

But few studies report combined effects of irrigation water 

and P fertilizer in Northeast China. This study measured the 

chlorophyll content, sugar content, biomass, plant P content 

of sugar beets at different growth stages under different P 

and water conditions. The P utilization efficiency was also 

analyzed, aiming to determine the effects of irrigation and P 

fertilizer on sugar beet. The results will provide deeper 

understanding the effects of P and water on beets and will 

be used as reference study. 

 

Materials and Methods 
 

Experimental location 

 

This experiment was carried out at an experimental 

station of Heilongjiang Bayi Agricultural University in 

2016 and 2017. The station is located in Daqing 

(46°37′N and125°11′E), China. Experimental field was 

fallow before the study. The soil type is meadow 

chernozem. And the basic physico-chemical features 

were: pH, 8.67 and 8.42; soil organic matter, 27.2 g∙kg
-1 

and 26.9 g∙kg
-1

; available N, 129.98 mg∙kg
-1

 and 136.02 

mg∙kg
-1

; available P, 31.41 mg∙kg
-1 

and 30.55 mg∙kg
-1

; 

available K, 171.54 mg∙kg
-1

 and 179.00 mg∙kg
-1

 in 2016 

and 2017, respectively. The conventional fertilization 

amounts were: N, 120.00 kg∙hm
-2

; P2O5, 105.00 kg∙hm
-2

; 

and K2O, 120.00 kg∙hm
-2

. The precipitation and average 

10-day air temperature in sugar beet growth period in 

2016 and 2017 are given in Fig. 1. 

 

Materials 

 

The beet variety Dutch H003 (Syngenta, Germany) was 

used as materials in the study. Daqing urea (N content, 46%; 

PetroChina Daqing Petrochemical Company, China), 

concentrated superphosphate (P2O5 content, 46%; Yunnan 

Yuntianhua Co., Ltd., China) and Red Bull Kalium (K2O 

content, 50%; German K+S Group) were used as N, P, and 

K fertilizers, respectively. 

 

Experimental design 

 

Four treatments were set in the experiment: NP0K-rain 

(C1); NPK-rain (C2); NP0K-irrigation (C3); NPK-

irrigation (C4). The fertilizers applied in C1 and C3 

were: N, 120.00 kg∙hm
-2

; P2O5, 0 kg∙hm
-2

; K2O, 120.00 

kg∙hm
-2

, while in C2 and C4 were: N, 120.00 kg∙hm
-2

, 

P2O5: 105.00 kg∙hm
-2

, K2O: 120.00 kg∙hm
-2

. Dutch 

H003 seeds were sown on May 1st and May 5th, and 

harvested on October 11
th

 and October 14
th

 in 2016 and 

2017 respectively. The planting density was 76950 

plants∙ hm
-2

. 

Ridge seeding method was adopted, and fertilizer was 

applied at 5.00 cm away from the ridge at 15.00 cm soil 

depth for all the four treatments. C3 and C4 were irrigated 

before sowing and at the foliage quick growing stage (six-

leaf stage). The irrigation amount was 500 mL/plant for 

each of the two irrigations. Randomized block design with 

three repetitions was adopted in the experiment. Each plot 

was 2.6 m × 8 m in size. There were 4 rows of plants in one 

plot, with row spacing of 0.65 m. Plants within a row were 

0.20 m apart from each other, and the density was 76,950 

plants/hm
2
. 

 

Sampling and measurement methods 

 

Plant sampling: One or two beet plant (s) were sampled 

from each plot at every growing stage of sugar beet. The 

samples were dehydrated at 105°C for 30 min, and then 

dried at 75–80°C to constant weight. After weighing, the 

leaves and roots were separately smashed, bagged, 

numbered and kept in dry environment. Each sample was 

repeated 3 times. 

The soil plant analysis development (SPAD) (TYS-A, 

Zhejiang Top Instrument Co., Ltd., China) value of every 

treated leaf was measured at the seedling growth, rossette 

formation, tuber growth, sucrose accumulation, and harvest 

stages from 3 beet plants. 

Sugar content determination: Ten root tubers per plot 

were measured by hand-held sugar meter (PAL-1, ATAGO, 

Japan). After the sugar content was measured, large, 

medium and small roots tubers were taken in proportion for 

juicing, and one piece was cut at an angle of 45° from the 

root head to the root body. 

Dry matter accumulation: A well-developed plant was 

chosen at each growing stage for dry matter measurement. 

After cleaned by water, the fresh leaves and roots of 

sampled plant were separated and weighed. These were then 

dehydrated under 105°C for 30 min. After that, the leaves 

were cut up and the root was sliced. The leaf and root pieces 

were separately dried to a constant weight at 75°C, cooled 

down at room temperature, and weighed again. 

Plant P content determination: The dried samples were 

grinded and then screened with a 0.25-mm sieve. A 0.4 g 

samples was then taken and heated with H2SO4-HClO4 to 

determine the P content by Mo-Sb colorimetry. 

P fertilizer utilization efficiency: P fertilizer utilization 

efficiency is the percentage of the difference in P 

accumulation between the P fertilizer applied treatment and 

the no P applied treatment. 

 

Statistical analysis 

 

Data were analyzed using S.P.S.S. 21.0 and Excel 2016, and 

t-test was used to determine the significance of difference. 
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Results 
 

Effects of limited irrigation and P application on the 

chlorophyll values 

 

The chlorophyll values of sugar beets in the four treatments 

all gradually increased with plants growing, and peaked at 

harvest time (Fig. 2 and 3). During the whole growth period 

of sugar beet crop, the chlorophyll values were in the 

following order: C4 > C3 > C2 > C1. At seedling stage, the 

highest SPAD-chlorophyll value in C4 was 27.37 and 25.27 

in 2016 and 2017 respectively, which was 14.98 and 6.33% 

higher than C2; the SPAD-chlorophyll in C3 was 23.83 and 

24.07 in 2016 and 2017 respectively, which was 33.15 and 

11.80% higher than in C1. There was no significant 

difference (P > 0.05) in SPAD-chlorophyll among the four 

treatments at the foliage quick growing stage, the tuber 

growth stage and the sugar accumulation stage, but the 

chlorophyll values in the irrigation treatments were higher 

than in the rain-fed treatments under the same fertilizer 

conditions. At the harvest time, the leaf chlorophyll values 

of the four treatments were ranked as: C4 > C3 > C2 > C1), 

and C4 > C3 > C2 > C1 in 2016 and 2017, respectively. The 

chlorophyll value in C4 treatment was 112.63 and 113.29%, 

and 113.69 and 113.79% than in C2 and C1 treatments for 

2016 and 2017, respectively. The results showed that the 

application of P fertilizer under the same N and potassium 

condition improved the chlorophyll content of beet plants, 

and irrigation was more conducive to chlorophyll content 

than the rain-fed treatment. At the same growth stage of 

sugar beets, the chlorophyll content was higher in 2016 than 

in 2017, and the difference was significant (P < 0.05). This 

might be because the precipitation was more in 2016 than in 

2017. 

 

Effects of limited irrigation and P application on sugar 

content and sugar yield 

 

With the progress of growth period, the sugar content of 

sugar beets increased gradually, showing a trend of rapid 

growth followed by slow growth (Table 1). In the whole 

growth period, the sugar content of irrigation treatments was 

greater than rain-fed treatments in the two years. The results 

showed that irrigation could promote the increase of sugar 

content, and the sugar content of C4 treatment was the 

highest, while C1 treatment had the lowest in the whole 

growth period. In general, the sugar content of each 

treatment under supplementary irrigation was higher than 

under rain-fed condition, and the P application treatment 

was higher than without P application, indicating that both 

irrigation and P application significantly affected the sugar 

content of sugar beets. 

Under water and fertilizer treatments, the sugar yields 

were higher than under rain-fed treatments, and the sugar 

yield of P treatment was higher than no P treatment in 2016 

and 2017 respectively (Fig. 4 and 5). C4 treatment had the 

highest sugar yield up to 11.59 ± 0.59 and 10.64 ± 0.89 

t∙hm
-2

 in 2016 and 2017 respectively, while C1 treatment 

had the lowest sugar yield i.e., 9.25 ± 0.35 and 7.76 ± 0.53 

t∙hm
-2

, in 2016 and 2017 respectively. 

 

Effects of limited irrigation and P application on dry 

matter accumulation in beets 

 

Dynamic changes of dry matter accumulation in roots: 

The dry matter accumulation of beet roots showed a rapid 

increase along the growth period in both 2016 and 2017 

(Fig. 6 and 7). From the seedling stage to the tuber growth 

stage, the dry matter accumulation of roots in each treatment 

increased slowly. The accumulated dry matter in irrigation 

treatments was greater than in rain-fed treatment, but there 

was no significant difference between C4 and C3 

treatments, and between C2 and C1 treatments (P > 0.05). 

From the sugar accumulation stage to the harvest time, the 

dry matter accumulation in roots increased rapidly and 

reached the highest value at harvest. C4 treatment had the 

highest dry matter accumulation, with the values of 25.36 ± 

1.93 and 27.48 ± 1.71 t∙hm
-2

 in 2016 and 2017, respectively, 

while C1 treatment had the lowest dry matter accumulation 

up to 20.91 ± 2.25 and 15.79 ± 3.45 t∙hm
-2

 in 2016 and 

2017, respectively. The results showed that the irrigation 

treatments could significantly increase the dry matter 

accumulation in roots. 

Dynamic changes of dry matter accumulation in leaves: 

The dry matter accumulation in the leaves of sugar beets 

showed the same pattern as in the roots (Fig. 8 and 9). At 

harvest, the dry matter accumulation in leaves in C4 

treatment was the highest with values up to 9.22 ± 0.53 

t∙hm
-2

 in 2016 and 10.67 ± 0.56 t∙hm
-2

 in 2017, while the dry 

matter accumulation in C1 treatment was the lowest, with 

the value of 7.58 ± 0.98 and 6.02 ± 1.08 t∙hm
-2

 in 2016 and 

2017, respectively. 

 

Effects of limited irrigation and P application on P 

accumulation in sugar beets 

 

Dynamic changes of P accumulation in roots: The 

accumulation of P in sugar beet roots showed an exponential 

increase trend with sugar beet growth (Fig. 10 and 11). The 

coefficient (R
2
) of the exponential regression fitting equation 

of every treatment was greater than 0.97. The accumulation 

of P in the roots of sugar beets with applied P was greater 

than without P application in every growth period during 

both years. The P accumulation in roots ranked in the 

following order: C4 > C3, C2 > C1. The P accumulation in 

roots under irrigation treatments were greater than under the 

rain-fed condition, and ranked as follows: C4 > C2, C3 > C1. 

At the harvest time, the P accumulations in the roots were 

significantly different among the four treatments (P < 0.05) 

and ranked as follows: C4 (9.46 ± 0.75 kg∙hm
-2

) > C2 (7.46 ± 

0.48 kg∙hm
-2

) > C3 (3.54 ± 0.34 kg∙hm
-2

) > C1 (3.08 ± 0.36 

kg∙hm
-2

) in 2016 and C4 (9.97 ± 0.87 kg∙hm
-2
) > C2 (8.22 ± 
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0.52 kg∙hm
-2

) > C3 (3.82 ± 0.50 kg∙hm
-2

) > C1 (3.13 ± 0.41 

kg∙hm
-2

) in 2017. The results showed that irrigation 

conducted at the foliage quick growing stage and P fertilizer 

increased the P content in roots by 17.55–18.06% and 61.69–

61.92%, respectively. 

Dynamic changes of P accumulation in leaves: The P 

accumulation in beet leaves showed a power increasing 

trend as sugar beets grew in 2016 and 2017 (Fig. 12 and 

13). The coefficients (R
2
) of the power function fitting 

equation of four treatments were all greater than 0.95. The P 

accumulation in leaves of sugar beets applied with P was 

greater than without P application at every growth stage in 

the two years, and ranked as follows：C4 treatment > C3 

treatment, C2 treatment > C1 treatment. The P accumulation 

in leaves of sugar beets under the irrigation treatments was 

also greater than under the rain-fed treatments, that is the P 

accumulation in leaves was ranked in the following order: 

C4 treatment > C2 treatment, C3 treatment > C1 treatment. 

At harvest, the P accumulation in leaves was significantly 

different (P < 0.05) among the four treatments and ranked in 

the following order: C4 (3.58 ± 0.23 kg∙hm
-2

) > C2 (2.83 ± 

0.19 kg∙hm
-2

) > C3(1.72 ± 0.22 kg∙hm
-2

) > C1(1.41 ± 0.17 

kg∙hm
-2

) in 2016 and C4 (3.80 ± 0.24 kg∙hm
-2

) > C2(2.26 ± 

0.25 kg∙hm
-2

) > C3(2.01 ± 0.21 kg∙hm
-2

) > C1(1.71 ± 0.22 

kg∙hm
-2

) in 2017. The results showed that both irrigation at 

the foliage quick growing stage and P application affected 

the P accumulation in beet leaves, with the P content in 

leaves was increased by 14.93–40.53% under irrigation 

treatments and by 24.34–47.11% under treatments with P 

supplied. 

Table 1: Effects of limited irrigation and phosphorus application on sugar content of sugar beets at different growth stages 

 

Year Treatment Tuber growth stage (%)1 Sugar accumulation stage (%) Harvest time (%) 

2016 C1 10.30c ± 0.17 12.67b ± 0.46 13.93c ± 0.29 
C2 12.80b ± 0.26 12.97b ± 0.21 14.77b ± 0.21 

C3 13.47a ± 0.42 14.53a ± 0.42 16.47a ± 0.21 

C4 13.77a ± 0.06 14.57a ± 0.12 16.87a ± 0.15 

2017 C1 8.23c ± 0.42 15.87d ± 0.11 16.43c ± 0.23 
C2 10.80a ± 0.21 16.20c ± 0.15 17.23b ± 0.20 

C3 10.20b ± 0.20 16.53b ± 0.13 17.57b ± 0.31 

C4 10.90a ± 0.30 16.94a ± 0.24 18.60a ± 0.46 
1Data are presented as mean ± SD 
2Different lowercase letters within the same column indicate significant differences among different treatments (P < 0.05) 

 

 
 

Fig. 1: Precipitation and average 10-day temperature in sugar beet growth period in 2016 and 2017 

 

 
 

Fig. 2: Effects of limited irrigation and phosphorus application on chlorophyll content in sugar beets in 2016 
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Effects of limited irrigation and P application on P 

utilization efficiency of sugar beets 

 

The phosphate utilization efficiency in C4 treatment was 

16.97 ± 0.95% and 17.33 ± 1.51% in 2016 and 2017 

respectively, which was 25.52 and 29.02% higher than in 

C2 treatment. The P utilization efficiency difference 

between C4 and C2 was significant (P < 0.05), indicating 

that irrigation at the foliage quick growing stage of sugar 

beets significantly improved P fertilizer utilization 

efficiency. 

 

Discussion 
 

Phosphorus (P) is one of the most important elements that 

affect plant photosynthesis and the distribution of photonic 

compounds between roots and overground parts (Yu et al. 

2014).
 
Chlorophyll is closely associated with the growth and 

development of sugar beets, and the difference can to some 

extent reflect the P content of the plant. The size of the 

 
 

Fig. 3: Effects of limited irrigation and phosphorus application on chlorophyll content in sugar beets in 2017 

 

 
 

 

Fig. 4: Effects of limited irrigation and phosphorus application on 

sugar yield of sugar beets in 2016 

 

Fig. 5: Effects of limited irrigation and phosphorus application 

on sugar yield of sugar beets in 2017 

 

  
 

Fig. 6: Effects of limited irrigation and phosphorus application on 

dry matter accumulation in beet roots in 2016 

 

Fig. 7: Effects of limited irrigation and phosphorus application 

on dry matter accumulation in beet roots in 2017 
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photosynthetic system of sugar beet is significantly 

positively affected by the P level in plants. The chlorophyll 

content plays an important role in the yield formation, and 

the application of P fertilizer can improve the photosynthetic 

rate of plants through increasing leaf chlorophyll content 

(Qu et al. 2001; Li et al. 2019). Yang et al. (2018) 

concluded that adequate fertilizer combined with water 

supplement could significantly increase chlorophyll content 

in rice. The present study and Qu et al. (2001) both 

concluded that leaf chlorophyll content increased gradually 

along with the growth of sugar beets. In addition, leaf 

chlorophyll content improved with the increase of applied P 

and water, as evidence from the study, Gao et al. (2017) on 

the apple-maize intercropping system and Yang et al. 

(2018) on rice. 

The final sugar yield of sugar beets is determined by 

the number of plants per unit area, the yield of root tubers 

and sugar content of beets (Su et al. 2016). Wang et al. 

(2011) observed that under the same fertility conditions, the 

sugar content of sugar beets increased with the increase of P 

fertilizer; Du (2012) also showed that during the growth of 

sugar beets, P fertilizer was conducive to the increase of 

sugar content and could promote the growth and 

development of root tubers. If the supply of P is relatively 

insufficient, it is bound to affect the expansion of root tubers 

of beets, thus affecting the formation of root yield. Zhang 

and Li (1997) showed that application of P fertilizer alone 

could increase the yield of beets by 29–63%, and combined 

with N, P fertilizer could increase the sugar content of beets 

by 0.2% on average, indicating that application of P 

fertilizer could promote the accumulation of sugar in roots 

of sugar beets to some extent. In this study, C4 treatment’s 

sugar content and tuber yield were increased by 2.37–5.54% 

and 9.55–14.93% respectively based on C3 treatment; C2 

treatment were increased by 4.64–5.68% and 2.38–5.23% 

respectively based on C1 treatment, showing that P fertilizer 

has great impact on sugar beets’ sugar content and tuber 

production. The reason may be that under the condition of 

same N application, increasing P dosage can improve the 

activity of total sugar P synthetase in beets, which is 

conducive to the formation of total sugar and its delivery to 

tubers and to promote root system development, tuber 

growth and accumulation of sugar in beets. In addition, 

plenty of phosphate fertilizer promoted the development of 

  
 

Fig. 8: Effects of limited irrigation and phosphorus application on 

dry matter accumulation in beet leaves in 2016 

 

Fig. 9: Effects of limited irrigation and phosphorus application on 

dry matter accumulation in beet leaves in 2017 

 

  
 

Fig. 10: Effects of limited irrigation and phosphorus application 

on phosphorus accumulation in beet roots in 2016 

 

Fig. 11: Effects of limited irrigation and phosphorus application 

on phosphorus accumulation in beet roots in 2017 
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beet roots, and helped beets to absorb nutrients from the soil 

to meet the demand of sugar beets for nutrient elements, 

creating conditions for the high yield of beets. Besides, when 

fertilizers were adequate, supplementation of water could 

also significantly increase production (Yang et al. 2018). 

Application of P fertilizer and proper irrigation can 

promote the accumulation of dry matter and P in the roots 

and leaves to increase continuously throughout the growth 

period (Fu et al. 2011; Qin et al. 2019; Ren et al. 2019). In 

this study, there was a positive correlation between dry 

matter accumulation and P accumulation in all treatments; 

supplementary irrigation in the growth period could 

effectively improve the dry matter content and P 

accumulation of plants at a significant level. Among the 

treatments, C4 treatment’s dry matter mass and P 

accumulation were the largest in each growth period. 

In crop planting, Appropriate application of P fertilizer 

and irrigation can improve the utilization efficiency of P 

fertilizer for sustainable development of agriculture (Li 

and Pan 2002; Fu et al. 2011; Zheng et al. 2014; Xu 

2015; Qin et al. 2019). The results of this experiment 

showed that under proper irrigation, the utilization 

efficiency of P fertilizer by beets was higher than under 

rain-fed condition. 
 

Conclusion 
 

With the same P applied, sugar beets under proper irrigation 

have a better performance in chlorophyll, sugar content, dry 

matter accumulation, and P utilization efficiency than under 

rain-fed treatments. These results suggested that the growth 

indices and yield of sugar beets were optimal under 

conventional fertilization and irrigation management 

practices. 
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