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Abstract       The nitrogen (N) content of all plant parts of Paeonia lactiflora 
‘Da Fu Gui’ was investigated throughout the growing season from October 
through to June. The whole plant absorbed N rapidly from the stem-extending 
stage to the leaf blade-expanding stage. At the stem-extending stage, leaf 
blades were the N sink in which the highest level of N had concentrated, 
namely 4.82 g·kg

-1
. Stems, leaf blades, petioles and flower buds absorbed 

much more N during early growth stages than in later stages. This study 
indicates that the fully-opened bud stage is the ideal time to apply N-fertilizer. 
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Paeonia lactiflora L., commonly known as herbaceous 

peony, or Shao Yao in Chinese, is a famous herbaceous 

flowering plant native to China, with more than 3,000 

years of cultivation history and consisting of more than 

400 cultivars (Qin, 2004). Nowadays, it is still one of 

the most popular garden and cut flowers in China and 

is widely cultivated in many provinces such as 

Shandong, Henan, Gansu, Anhui and Sichuan. With a 

tuberous root as its storage organ, herbaceous peony is 

considered as a plant that favors fertilizer. Traditionally, 

herbaceous peony is fertilized three times a year, and 

the timing of fertilizer application is usually based on 

experience, which may vary according to the grower or 

location. For example, some growers apply the first 

fertilization at the stem-extending stage, but others 

prefer to do it in the leaf blade expansion stage. As 

there are no exact published guidelines in English or in 

Chinese based on experimental data, it is difficult to 

tell which physiological stage exhibits the maximum 

period of nutritional efficiency, which is essential for 

fertilization management. Among the macronutrients, 

nitrogen (N) mainly influences morphology and organ 

formation (Cabrera, 1996; Huang, 2004). Supplying N-

fertilizer to herbaceous peony in a timely manner can 

promote vigorous shoot growth while an inappropriate 

and untimely supply can cause shoot overgrowth, a 

process known as ‘spindling’. Therefore, to test the N 

content and absorption rate in different parts of the 

plant can help to determine the key growth stage of 

maximum utilization of N nutrition. Moreover, 

recommendations can be made about the correct timing 

and amount of N-fertilizer that should be applied. 

 

 

 

 

 

Materials and Methods 

 
Meteorological conditions, plant material and 

sampling 

 

P. lactiflora ‘Da Fu Gui’ was cultivated at the Beijing 

Forestry University JiuFeng Forestry Experiment 

Station [39° 54′ N, 116° 28′ E] under natural conditions 

for 5 years in which winter was cold and dry while the 

summer was hot and humid. According to local 

meteorological data, the average temperature in 

January was -4.4°C with the lowest temperature 

reaching -21.7°C. The average temperature in July was 

25.8°C with the highest temperature reaching 41.6°C. 

The annual solar period was 2662 h with 211 frost-free 

days. Mean annual precipitation was 628.9 mm; for 

summer (June to August), mean precipitation was 

465.1 mm, which contributed to about 70% of annual 

precipitation. In 2012, from very early spring to mid-

summer, different plant parts were sampled at nine 

growing stages: mixed bud, tuberous root, absorbing 

root, stem, leaf blade, petiole, flower bud, flower, and 

whole plant (Table 1), as defined by Cheng (2009). 

Plant samples were prepared by digging up the whole 

plant, washing them thoroughly with running tap water, 

blotting off the surface water, cutting off all individual 

parts and drying them for 6 h at 105°C. Each dried 

plant part was pulverized with a mechanical grinder. 
 

Methods employed 

 
The Kjeldahl method (Institute of Plant Physiology, 

CAS, 1999) was used to measure the N content in the 

different plant parts of the nine stages listed in Table 1. 

Thereafter, an N and protein conversion factor was 

used to calculate the total amount of protein.
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Table 1 

Sampling stages and parts of P. lactiflora ‘Da Fu Gui’ plants 

Stages Whole 

plant 

Mixed 

Bud 

Tuberou

s root 

Absorbing 

root 

Blade Petiole Stem Flower 

bud 

Flower 

I √ √ √ - - - - - - 

II √ √ √ √ - - - - - 

III √ √ √ √ - - - - - 

IV √ - √ √ √ √ √ - - 

V √ - √ √ √ √ √ √ - 

VI √ - √ √ √ √ √ √ - 

VII √ - √ √ √ √ √ √ - 

VIII √ - √ √ √ √ √ - √ 

IX √ - √ √ √ - √ - - 
Growth stages: I – before mixed bud sprouting; II – mixed bud sprouting (just above the soil, but bud scale has not opened yet); III – mixed bud scale 
has fully opened and stem is about 5 cm long, whole plant is still deep purple-red; IV – stem extends, whole plant becomes green; V – leaf blade 

expands; VI – flower bud grows larger; VII – flower bud color appears; VIII – blooming; IX – post-blooming. √ = sampled; - = not sampled 

 

Calculation of N content: 

W (N) = c × (V-V0) × M × ts × 10
-3

·m
-1

 × 100 

where: 

W (N) = plant’s total N content fraction (%) ; 

c = sulfuric acid standard solution content (mol·l
-1

); 

V = sample titration consumption of sulfuric acid 

standard solution (ml); 

M = N molar mass (14 g·mol
-1

); 

m = sample mass after drying for 24 h (g); 

ts = dispensing ratio. 

 

Data analysis 

 

Excel and SPSS v. 16.0 data analysis software were 

used for data and statistical analysis. The LSD test was 

applied at α = 0.05, with n = 8 samples per plant part 

and per stage. 
 

Results 

 
Variation of N content in different plant parts 

 

Table 2 indicates how N content changed from stage to 

stage. At Stage I, just before mixed buds sprouted, N 

content in the mixed buds was significantly higher than 

the N level in tuberous roots and the whole plant. From 

Stages I to III, N content in mixed buds increased 

continuously, while in tuberous roots the N content did 

not vary, indicating that the N in mixed buds was 

mainly supplied by storage in the tuberous roots. This 

is because it was still cold before Stage III so few new 

absorbing roots would not have grown yet. Tuberous 

roots were consequently the main N source for mixed 

buds at that time. From Stages IV to VII, new 

absorbing roots grew rapidly as the temperature 

increased causing an obvious increase in N content and 

peaking at Stage VII, just before flower blooming. The 

N content in tuberous roots from Stages VI to VII also 

increased significantly compared to prior stages, which 

may have been assisted by the growth of new 

absorbing roots. From Stage IV, leaf blades grew 

rapidly and N content in them was the highest among 

all plant parts by Stage V. At the same time, N content 

in flower buds was also very high, indicating that the 

vigorous growth of young organs demanded more N. 

However, N content in the stem did not increase 

because at this stage the stem had already matured and, 

as for most mature and old organs, N had stopped 

accumulating (Pan, 2004). Similarly, after the rapid 

growth period in April, the other plant parts also 

stopped accumulating N. Instead, the N content 

dropped continuously because, after blooming, the 

plant was fully mature and then gradually aged. The 

amount of N that accumulated could be ranked as: 

young tissues > mature tissues > old tissues. Less N is 

usually needed during the fruiting season for most 

plants (Pan, 2004). The sequence of organs reaching a 

peak value of N content is: bud (Stage III) → stem and 

petioles (Stage IV) → blades and flower buds (Stage V) 

(Table 2). This sequence indicates that N metabolism 

corresponds to the most vigorously growing organ. 
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Table 2 

Nitrogen content (g·kg
-1

) in different parts of P. lactiflora ‘Da Fu Gui’ 
 I II III IV V VI VII VIII IX 

Mixed bud* 1.42 c 2.49 b 3.20 a - - - - - - 
Tuberous root 0.87 b 0.88 b 0.89 b 1.07 b 0.93 b 1.62 a 1.49 a 0.88 b 0.79 b 

Absorbing root - 1.62 a 1.66 a 1.78 b 1.82 b 1.92 b 2.20 c 1.04 d 0.83 e 

Stem - - - 2.11 a 1.78 b 1.10 c 0.98 c 0.70 d 0.67 d 
Leaf blade - - - 4.82 a 4.80 a 3.59 b 2.70 c 2.13 c 1.29 d 

Petiole - - - 2.82 a 2.41 a 1.67 b 1.18 c 0.81 cd 0.52 d 

Flower bud - - - - 4.14 a 3.41 a 2.30 b - - 
Flower - - - - - - - 1.02 a - 

Whole plant 1.15 d 1.67 d 1.92 d 3.65 b 4.54 a 3.66 b 2.84 c 1.87 d 0.83 e 

Different letters next to mean values represent significant differences according to the LSD test (α=0.05). 

* a bud that produces a branch and leaves as well as flowers. 
 

Variation in N content and N absorption rate in the 

whole plant 

 

N content varied throughout the whole plant (Fig. 1). 

At Stages I-III, N content increased slightly but from 

Stage IV, it increased rapidly, peaking at Stage V 

(4.54%/d). During Stage V, the leaf blades unfolded 

gradually and blade area increased quickly. Thus, 

during Stage V, the plant needed N nutrition the most. 

After Stage V, N content in the whole plant declined 

continuously as the plant entered the reproductive stage. 

From Stage III to IV, plants absorbed N rapidly and 

was thus the period in which N was most efficiently 

utilized.
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Fig. 1. Variation in nitrogen content in the whole plant over nine growth stages. Growth stages: I – before mixed bud 

sprouting; II – mixed bud sprouting (just above the soil, but bud scale has not opened yet); III – mixed bud scale has 

fully opened and stem is about 5 cm long, whole plant is still deep purple-red; IV – stem extends, whole plant becomes 

green; V – leaf blade expands; VI – flower bud grows larger; VII – flower bud color appears; VIII – blooming; IX – 

post-blooming. 

 

Discussion 

 
Since Fig. 1 shows that N content increased quickly 

after Stage III, applying N fertilizer should thus take 

place before Stage III when the mixed bud scales have 

opened but the stem is still very short. This finding is 

different from traditional peony cultivation practices in 

China, which are mostly based on experience. This 

suggests that the best time to apply N fertilizer is in the 

blade-expanding period, or Stage V (Qin, 2004). The 

rapid growth of leaf blades at Stage V demonstrated 

that N fertilizer should be applied earlier, at least prior 

to Stage V. Xi et al. (2002)
 
showed that N content in 

plants concentrates most in leaf blades and roots, and 

least in petioles. Chen (2002) found that N content 

varied in different organs while organs with active 

metabolism were rich in N, also lending support to the 

recommendation made in this study. 

Table 1 shows that N content peaked with 4.54 

g·kg
-1

 at Stage V. If we hypothetically take 1.00 kg as 

the average weight of a fresh mature plant and 90% as 

the average water content, then 0.454 g is the least 

amount of N fertilizer that should be applied to each 

plant. Converting this to frequently-used fertilizer unit, 
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i.e., 4.5 for the N digit, and 10 g fertilizer per plant, and 

assuming 0.1 m
2
 as the average occupied area for a 

plant, then 10 kg·ha
-1

 is the proper amount that would 

need to be applied. However, if also taking N leaching 

in the soil into consideration, in practical cultivation, 

the amount of N content in a fertilizer formula (N-P-K) 

is usually higher than 4.5, for example, the Heartland 

Peony Society (http://www.peonies.org/) 

recommended spring fertilization when new shoots just 

emerge by applying a handful of (about 10 to 15 g) 10-

10-10 or 12-12-12 (N-P-K) fertilizer around each plant. 

The Adelman peony nursery 

(http://www.peonyparadise.com/) recommended the 

use of light fertilization with a tulip/daffodil bulb 10-

20-20 (N-P-K) fertilizer at emergence. The North 

Carolina University Extension 

(http://www.ces.ncsu.edu/hil/hil-8501.html) 

recommended the application of a low N fertilizer such 

as 5-10-10 (N-P-K) at a rate of 9.08 to 13.6 kg·ha
-1 

in 

spring when the stems are about 5 to 8 cm high. 

The function of herbaceous peony tuberous roots 

and how they work is still not well understood 

(Kamenetsky and Dole, 2012), even in vitro (Shen et 

al., 2012). Thus, further research on this topic needs to 

be conducted. In addition, the content of other macro- 

and microelements, such as phosphorus and potassium, 

requires additional research. 
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