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Project Background: 
In perennial plants, the nitrogen (N) used for new growth in the spring may come from two sources: N stored the previous year and N taken up from the soil during the current growing season. The internal remobilization from storage tissues provides the N needed for early new growth before significant root uptake occurs. However, as the season progresses, root uptake of nitrogen plays a more important role in satisfying the plant N requirements. N uptake by roots may be affected by factors such as temperature, soil texture, and plant developmental stage, etc. 
Research on fertilizer uptake by container-grown nursery crops has primarily focused on N because it is commonly cited as the most important nutrient for plant growth, and losses from nursery production systems have consequences to environmental quality. In addition to N, plants require several other elements for normal growth and reproduction. Plant growth can be restricted when not enough or too much of one or more elements are present, and certain nutrients [e.g., phosphorus (P)] are potential sources of pollution when excess application results in run-off from production areas. 

In addition to the amount of a nutrient that is available for plant uptake, the balance between different nutrients can play an important role in the development of nutritional problems that may limit crop productivity or quality. Changing the availability of one nutrient (e.g., N) to a plant can often affect the uptake or transport of other nutrients within the plant. To reduce fertilizer waste and pollution and optimize growth, nutrient management of container-grown nursery crops should supply nutrients at rates that both match plant demand and maintain stable internal nutrient ratios. 

Information on the relationship between the timing of N uptake by container-grown perennial plants and the uptake of other nutrients is limited. Most studies on fertilizer uptake have focused on N and P and have not addressed how plant demand for other nutrients can vary over time. Understanding the relationships between uptakes of different nutrients will aid in development of fertilizer management strategies that synchronize nutrient availability with nutrient demand. 
Project Objectives:

Using container-grown hydrangea, the objectives of this study were to determine whether N-availability in the growing medium alters (1) uptake of N and other nutrients; (2) allocation of N and other nutrients between different plant structures; and (3) plant growth response. Additionally, we will determine the most efficient time for soil N applications. 
Material and Methods:
Plant material and nitrogen treatments. Rooted liners of Hydrangea macrophylla ‘Red Star’ were potted into 1-gallon pots containing a 4:5:1 (v/v) mix of pine bark, peat moss, and sand in Crystal Springs, MS in early June 2009. Plants were grown outdoors under shade cloth (40% shade). In mid-June 2009, plants were selected for uniformity and 40 plants were randomly assigned to one of three groups and fertilized twice a week from June 19 to Nov. 26, 2009. One group of plants received 400 ml of N-free modiﬁed Hoagland’s solution; the second group of plants received 400 ml modiﬁed Hoagland’s solution with 10 mM (140 ppm) N from NH4NO3; the third group of plants received 400 ml modiﬁed Hoagland’s solution with 20 mM (280 ppm) N from NH4NO3. Each plant was drip-irrigated as needed. 
Sampling. At time of N treatment initiated, five plants were destructively harvested and separated into leaves, stems, and roots for background growth and nutrient measurement. Every 3 weeks starting from June 19 to Dec. 1, 2009, ﬁve plants in each N treatment were randomly selected, and plants were destructively harvested and separated into leaves, stems, and roots. All samples were oven-dried and ground with a Wiley mill (40 mesh). Dry weight was recorded for each tissue type. 
Mineral nutrient analyses. Samples were analyzed for concentrations of N, phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg), boron (B), copper (Cu), iron (Fe), manga​nese (Mn), and zinc (Zn). Tissue nutrient analyses were conducted in the Mississippi State University Soil Testing Laboratory. Total nitrogen (N) was determined by Kjeldahl analysis. Concentrations of other nutrients were determined by inductively coupled plasma emission spectrometry 4300 Optima DV (PerkinElmer Instruments, Norwalk, CT).
Results and Discussion:
Plant growth. N-availability during the growing season significantly influenced plant growth. Plants that did not receive any N did not show any significant new growth (Figure 1). For plants received 140 ppm N or 280 ppm N, plant total dry weight increased slowly during the first six to nine weeks after planting, and increased rapidly between 9 and 21 weeks, and then leveled off for plants received 140 ppm N (Figure 1A). Plants fertilized with 280 ppm N were still very active in growth at the end of the study. Plants received 280 ppm N accumulated more biomass than plants supplied with 140 ppm N, being 92% greater at the end of the study. Dry weight of leaves (Figure 1B), stems (Figure 1C), and roots (Figure 1D) also varied with time for the N-fertilized plants. Leaves grew rapidly during 9-21 weeks (280 ppm N plants) or 9-18 weeks (140 ppm N plants) after planting. Stems grew rapidly during 12-18 or 21 weeks. While roots started rapid growth after 12 weeks and kept growing to the end of the study. Increasing N-availability increased leaf, stem, and root biomass. However, plants received more N had a smaller proportion of total plant biomass in roots, compared to plants received less or no N (Figure 2). This partitioning of biomass has been observed in many other plants and it may be a mechanism used by plants to optimize the available resources. When soil N is low, plants allocate more biomass to the roots to maximize the uptake of available nutrients. 
Plant nutrient content. The seasonal plant nutrient (N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, and B) accumulation followed the similar pattern as the total plant biomass accumulation (Figure 3). There was very limited uptake of N and all other mineral nutrients during the first six to nine weeks after planting. For plants supplied with N, plant nutrient uptake increased rapidly from 9 to 18 or 21 weeks, coinciding with the period of rapid plant growth. For plants that did not receive any N, there was no significant uptake of any mineral nutrients even though these plants were supplied with the same amount of other nutrients as N-fertilized plants. Increasing N-availability increased the uptake of other nutrients. Plants received 280 ppm N accumulated more nutrients than those that received 140 ppm N.
Plant nutrient allocation. N-availability altered the allocation of mineral nutrients to different plant structures. By the end of study, for plants fertilized with N, in general, a higher proportion of the nutrients (except Cu) were allocated to the leaves (Table 1). Plants received 280 ppm N allocated higher proportions of total nutrients (except Cu) to leaves than plants that received 140 ppm N. For plants that did not receive any N, roots contained  higher proportions of the mineral nutrients (except Fe).
Since the hydrangea liners we used in this study were from rooted stem cuttings, the amount of stored nutrients was limited. Therefore in this study nutrients from fertilizer supply is critical in supporting plant growth. Among all the nutrients supplied, N is the most important factor affecting plant growth. For plants that did not receive any N, there was no significant new growth even though these plants were supplied with the same amount of other nutrients as the N-fertilized plants. Application of N fertilizer during the growing season significantly enhances plant growth. Plants received 280 ppm N accumulated more biomass than plants received 140 ppm N. However, plants supplied with 280 ppm N kept growing later into the season than plants received 140 ppm N. This late season growth may influence  the development of cold hardiness. 
Uptake of N and other mineral nutrients is correlated with the rate of plant growth. Nutrient uptake was low early in the growing season. This low uptake may be due to the low nutrient demand because of limited new growth, suggesting a low rate of nutrient supply after planting could be sufficient to meet plant nutrient demand and can minimize potential nutrient loss. Maximum nutrient uptake occurs during the period of rapid plant growth, suggesting fertilizer application during this period can maximize plant growth and optimize nutrient uptake efficiency. Application of N enhances the uptake of other nutrients probably because increased N availability increased biomass accumulation thus driving demand for increased uptake of other nutrients. The uptake of other mineral nutrients is severely inhibited when N is not provided.
In this study, plants were supplied with fertilizer until late in the season. Data showed the roots of N-fertilized plants were still activly growing and capable of uptaking nutrients late in the season. However, caution needs to be taken when supplying N to the roots late in the season because it can delay dormancy development. For plants fertilized with N, leaves are the major sink for N and most of other mineral nutrients. Since plants were supplied with fertilizer until late in the season, plants fertilized with high rate N were still very active in growth at the end of the study and hadn’t started mobilizing nutrients for storage. This further suggests that it is important to terminate fertilization early enough to allow leaves to mobilize N and some other nutrients back to the storage tissues for use of new growth in the following growing season. 

Figure 1. Dry weight of total plant (A), leaves (B), stems (C), and roots (D) of hydrangeas fertigated with different rates of nitrogen (N). 

[image: image1.emf](B) Leaves


0


3


6


9


12


15


18


21


24


Dry weight (g)


0


20


40


60


80


(C) Stem


Time after planting (weeks)


0


3


6


9


12


15


18


21


24


Dry weight (g)


0


20


40


60


80


(D) Root


Time after planting (weeks)


0


3


6


9


12


15


18


21


24


Dry weight (g)


0


20


40


60


80


(A) Total


0


3


6


9


12


15


18


21


24


Dry weight (g plant


-1


)


0


20


40


60


80


100


120


140


0 N


140 ppm N


280 ppm N




(B) Leaves

0 3 6 9 12 15 18 21 24

Dry weight (g)

0

20

40

60

80

(C) Stem

Time after planting (weeks)

0 3 6 9 12 15 18 21 24

Dry weight (g)

0

20

40

60

80

(D) Root

Time after planting (weeks)

0 3 6 9 12 15 18 21 24

Dry weight (g)

0

20

40

60

80

(A) Total

0 3 6 9 12 15 18 21 24

Dry weight (g plant

-1

)

0

20

40

60

80

100

120

140

0 N

140 ppm N

280 ppm N


Figure 2. Ratio of root to total plant dry weight of hydrangeas fertigated with different rates of N. 
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Figure 3. Total plant nutrient accumulation in hydrangeas fertigated with different rates of N. 
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Table 1. Allocation of nutrients in structures of hydrangeas fertigated with different rates of N. 

	 
	 
	Proportion of total plant content (%)
	 

	Nutrient
	N Rate
	Leaves
	Stems
	Roots

	N
	0 N
	16z
	c y
	19
	a
	65
	a

	
	140 ppm N
	47
	b
	14
	a
	39
	b

	
	280 ppm N
	62
	a
	14
	a
	24
	c

	P
	0 N
	8
	c
	7
	b
	85
	a

	
	140 ppm N
	42
	b
	14
	a
	44
	b

	
	280 ppm N
	55
	a
	16
	a
	29
	c

	K
	0 N
	13
	c
	13
	a
	74
	a

	
	140 ppm N
	75
	b
	6
	b
	19
	b

	
	280 ppm N
	85
	a
	5
	b
	10
	c

	Ca
	0 N
	25
	c
	24
	a
	51
	a

	
	140 ppm N
	78
	b
	8
	b
	14
	b

	
	280 ppm N
	84
	a
	7
	b
	10
	c

	Mg
	0 N
	14
	c
	15
	a
	70
	a

	
	140 ppm N
	76
	b
	8
	b
	16
	b

	
	280 ppm N
	84
	a
	7
	b
	9
	c

	S
	0 N
	15
	c
	14
	a
	70
	a

	
	140 ppm N
	59
	b
	7
	a
	34
	b

	
	280 ppm N
	66
	a
	10
	a
	24
	c

	Fe
	0 N
	26
	c
	40
	a
	34
	ab

	
	140 ppm N
	46
	b
	17
	b
	37
	a

	
	280 ppm N
	58
	a
	16
	b
	27
	b

	Mn
	0 N
	38
	c
	24
	a
	38
	a

	
	140 ppm N
	64
	b
	9
	b
	27
	b

	
	280 ppm N
	73
	a
	8
	b
	18
	c

	Zn
	0 N
	12
	c
	28
	a
	60
	a

	
	140 ppm N
	37
	b
	26
	a
	38
	b

	
	280 ppm N
	46
	a
	24
	a
	30
	b

	Cu
	0 N
	21
	b
	10
	c
	70
	a

	
	140 ppm N
	32
	a
	19
	b
	48
	b

	
	280 ppm N
	27
	a
	26
	a
	46
	b

	B
	0 N
	25
	c
	28
	a
	47
	a

	
	140 ppm N
	81
	b
	8
	b
	11
	b

	 
	280 ppm N
	87
	a
	6
	b
	7
	c


z Means from 24 weeks after planting (n = 5). 

y The different letter within a column denotes significant differenceS in allocation among N treatments within one nutrient (THSD0.05). 

















































































































































































































































































































































































































































































































































































3

_1322381342.unknown

_1322992420.unknown

_1322381748.unknown

_1322372438.unknown

