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Field measurements of appearance and senescence of individual leaves of • sugar beet (Beta vulgarise L. cv. Amazon) were made at Lincoln, New Zealand, to establish how their growth was affected by planting methods (Seed-sown, cotyledon, 2-leaf, 4-leaf). There were significant differences in the number of leaves. plant', produced by the planting methods. The thermal duration for the appearance of a leaf (early or late) was virtually unaffected by the treatments except for the appearance of each leaf after the first twenty leaves, when seed-sown beet had , significantly less thermal duration than the transplanted beet. Approximately, 33°C days were required between the appearance of each early leaf. None of the treatments affected the thermal duration for the death of each successive leaf. In all planting methods, only the early leaves (upto leaf 15) died.

INTRODUCTION
The fraction of radiation absorbed by a crop depends mainly on its leaf area index (LAI), Increases in LAI depends upon the appearance, senescence and expansion of individual leaves. Field measurements ofthese processes are necessary to improve better understanding of crop growth and yield (Monteith and Elston, 1983),
Field studies on the growth of individual leaves of sugar beet had shown that the temperature is the main determinant of the rates of leaf appearance and senescence in sugar beet and that the influence of other cultural factors such as sowing date, nitrogen fertilizer and plant density was small (Milford et al,, 1985b). Despite the obvious importance of leaf growth to crop yield, no research has reported the effects of transplant seedlings on the appearance and death of individual leaves in sugar beet. This paper reports the influence of transplanted beet on the changes in the rate of appearance and
death of individual leaves. MATERIALS AND METHODS
A field experiment was conducted at the Lincoln college Research Area during 1981/82 season, following randomised complete block design with four replicates. The treatments were two plant arrangements (squire, rectangle) and four planting methods (seed-sown, cotyledon, 2-leaf. 4-leaf stage). The plant density of 10 plants m-' was constant in both the plant arrangements. The plot size was 5.0 m x 6.5 m, and there were 16 and 10 rows in each plot for the square (316mm x 316mm) arid rectangular (500mm x 200mm) planting, respectively. Full details of the crop husbandry operations were gi:„,en as described by Hussain (1990).
Leaf growth was measured non-destructively on five randomly selected plants in each plot. Each plant was marked with coloured wire wings placed around the petioles of every fifth leaf starting with leaf 5, The total number of
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leaves and the number of dead leaves on each plant Wen:. counted at fortnightly intervals be-Meet] 2 November 1981 to 5 May. 1982.
The leaf appearance was analysed against thermal time in three phases: the appearance of the first 20 leaves (phase - I t he 11C.sa 20 leaves (phase - II) and all other leaves produced after leaf 40 (phase - )_ The slopes oldie regression provided the thermal rates of leaf appearance (number of leaves per degree c days). The reciprocal of these slopes shows the thermal duration for the appearance of a new leaf with units of degree C days per leaf. Changes in the number of dead leaves in different planting methods were also described In linear regression on thermal time. Thermal time was calculated as suggested h Gallagher (1979). 111 the present studs rC was used as the base temperature for both leaf appearance and leaf death (Milford and l lIt . 1980),
607
50
❑ Transol ant
The Genstat Statistical Package was used to analyse the data using single degree of freedom contrast method as described by Hussain (1990). The statistical significant differences in. the rates of leaf appearance or senescence N% ere assessed h comparing regressions as suggested
Snedecor	Cochran 11%7).
RESULTS AND DISCUSSION
Leaf appearance
Thelransplamed beet produced	more
leaves plaza-' than the seed-sown beet during the growth period (Fig. I ). A greater number of leaves in the transplanted than in the seed-soft rl beet was also reported 1w Scott and Bremner (1966). There was no compensatory increase in the number of leaves among different planting methods (hiring the growing season. The magnitude of this effeci. how ever. varied 1%t111 time
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Table 1	Effect of planting method on thermal rate of leaf appearance in sugar beet
	Planting Method
	Phase -1	R2
(leaf ced-1)
	Phase -II (leaf °ed-1)
	R2
	Phase -III (leaf °cd-1)
	R2

	Seed-sown (Ti)
	0.0201 (± 0.0012)# .973
	0.0347 (± 0.0004)#
	.999
	0.0154 (± 0.0009)#
	.982

	Cotyledon	(T2) 0.0203 (± 0.0016)
	.956
	0,0309
	(± 0.0015)
	.987
	0.0120
	(± 0.0010)
	.968

	2-leaf
	(T3) 
	0.0225 (± 0.0020)
	.954
	0.0279
	(± 0.0013)
	.980
	0.0129
	(± 0.0014)
	.931

	4-leaf
	(T4) 
	0.0223 (± 0.0025)
	.939
	0.0276 (th. 0.0008)
	.995
	0.0133
	(± 0.0017)
	.890

	Significant Effects:
	
	
	
	
	
	
	
	

	T1
	VS
	(T2 +T3 +T4 )
	NS
	
	
	
	
	
	

	T2
	VS
	( T3 +T4 )
	NS
	
	NS
	
	
	NS
	

	T3
	VS
	( T4 )
	NS
	
	NS
	
	
	NS
	

	Mean
	
	0.0209 (± 0.0008)
.	-
	.956
	0.0290
	(± 0.0013)
	.948
	0.0134
	(± 0.0010)
	.868.



# Figures in parenthesis are standard errors.
Table 2	Effect of planting method on thermal duration of a new leaf appearance
in sugar beet
Planting Method
	
	'cd leaf')
	Ced
	
	(°cd leaf")
	

	
	
	
	
	
	




 (
Seed-sown
41
Cotyledon
2-leaf
4-leaf	
T
48.5 47.3 42.8 
42.6
± 2.87
3.81 
± 3.82
4.83
28.8 ± 0.371#
32.0 ± 1.52
35.5 ± 1.63
36.1 ± 1.01
63.8 81.3 73.0 68.2
*3.85#
6.57
8.08
8.99
)

 (
3
)
	Significant Effects:
	
	
	

	T2 VS (T2 +T3 +T4 )
	NS
	**
	NS

	12 VS ( T3 +T4 )
	NS
	NS
	NS

	T3 VS ( T4)
	NS
	NS
	NS



Mean	45.3	33.1	71.6
Oc	Thermal time intreval between the appearance of each of the
first 20 leaves in phase 1.
Om	Thermal time intreval between the appearance of each of the
successive 20 leaves in phase II.
01	Thermal time interval for each of the leaves produced in phase
Figures in parenthesis are standard errors.
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physiological age of the plants, which varied with different planting methods (Fig. 2).
Thermal rate of leaf appearance_ in any one phase, was faster than in the preceding phase of leaf production (Table 1). The slowing of leaf appearance during the early part of the growth when mean air temperature was low. is typical of many crops (Gallagher, 1979). Similar results were also reported in sugar beet by Milford and Riley 1980). Leaf production also decreased later in the season (Table 2, phase -III), irrespective of planting method, and this was presumably again because of the changes in environmental condition_ The slowing of leaf appearance rate towards the end of season was also noted by Milford et al. (1985b).
Seed-sown beet increased leaf produc tion in phase II and phase Ill more than the transplanted beet (Table 1). Similar higher leaf production in late sown crops of sugar beet was observed by others (Scott et al., 1973). Chronologically, the seed-sown beet was sown 4 weeks later than the transplanted beet.
This study indicated a mean thermal duration of 33-45°C days for the appearance of a new early leaf (Table 2) which is similar to values of 30-58°C days reported for sugar beet in the United Kingdom (Mildord et al., 1985b).
Leaf senescence;
Figures 3 and 4 show the number of dead leaves for the different planting method, In all cases, the curves for the number of dead leaves displayed marked fluctuations, reflecting the influence of different growth stages of transplants.
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Figure 2_ Changes with rime in total number of leaves between cotyledon and leafy transplants through out the growing season, Vortical bars are LSD at 5%. level.	•
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Figure 3. Changes With time in number of dead leaves per plant between seed and transplanted beet tlii piigil out the growing season, Vertical bars are LSD at 5% level,

Table 3. Effect of planting method on thermal

rate of leaf death in sugar beet
Planting Method Rate of Leaf SenesceR
Table 4. Effect of planting method on thermil duration of of leaf death in sugar beet
Planting Method	ed

 (
( %d
r
Seed-sown (T1'
0.0073
(±
0.0003)#
0.936
Cotyledon	
(F2)
0.0073
(±
0.0006)
0.912
2-leaf
(F3)
0.0072
(-±
0.0072)
0.947
4-leaf
(T4)
0.0061
(±
0.0061)
0.918
Mean •
0.0470
(±
0.0003)
0917
) (
(
s
erf leaf 
-1
)
) (
Seed-sown 
Cotyledon 
2-leaf 
4-leaf
) (
129 (-± 8.4 )#
125 (± 9.7 ) 
(o) 
132 (± 7.6 ) 
(T4) 
151 (± 10.9)
) (
Mean	
131 (± 4.8)
)

 (
5
)
	#Figures in parenthesis are standard errors.
	Od Thermal time interval between the death of
of successive leaves.
# Figures in parenthesis are standard errors.
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No significant differences in the thermal rates of leaf death were found between planting methods and regression accounted for more than 90% of the variation in the data (Table 3). Thermal duration for the death of each successiveleaf (0d) was also found to be similar in all planting methods (Table4). irrespectiveofplant age. The average value of Od 131°C day leaf'. which lies favourably within the range (130-140°C days leaf') reported by Milford et al. (1985b).
In conclusion, these results clearly indicate that the processes of leaf appearance and leaf sem seence were not affected by the planting method, but the number of leaves varied due to method of plant establishment.
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