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Abstract. Experiment to determine growth of seedlings of eight annual weeds was conducted. The objective was to determine the pattern of growth and the end of the seedling stage for each weed.  Analysis included length and area of roots and stems,  leaf number, total leaf area, and dry weight over time.  The experiment was conducted twice in the greenhouse and twice in the field.  Growth pattern of all weed component was exponential except root elongation of redroot pigweed, kochia, and black nightshade that was linear in greenhouse experiments. Shoot dry weight was the best indicator of the growth pattern of weed seedlings.  Two phase linear regression was used to detect differences in shoot dry weight over time.  The seedling stage ended and the juvenile stage began when the rate of change in shoot dry weight increased after emergence.  Nomenclature: wild oat, Avena fatua L. AVEFA; wild proso millet, Panicum miliceum L. PANMI; barnyardgrass, Echinochloa crus-galli L. ECHCG; green foxtail, Setaria viridis L. SETVI; velvetleaf, Abutilon theophrasti Medicus. ABUTH; kochia, Kochia scoparia L. KCHSC; black nightshade, Solanum nigrum L. SOLNI; redroot pigweed, Amaranthus retroflexus L. AMARE.

Additional index words: Growth pattern, growth rate, shoot/root ratio, juvenile, two-phase regression.

Introduction

Seedlings are the most sensitive stage to chemical or mechanical​ controls in aplant’s life cycle.  Understanding weed seedling growth allows weed scientists and farmers to use methods that provide the best control.  It is therefore important to define what a seedling is; a definition that is not clear [1,22-27; 2,103-107].  According to physiologists [1; 4, p.32], a plant is a seedling until it becomes independent of its seed's re​serves.  Endosperm dependence in grasses ends when seedlings become self-sufficient through photosynthesis [5].  However, several studies show that some plants absorb nutrients from soil before the seed reserve is ex​hausted.  It is easier to define the point at which a plant is no longer seedling and becomes a juvenile by stating that a plant is a seedling as long as it continues to mobilize all seed reserves, regardless of whether or not it needs to [3].  Salisbury and Ross [6] described growth during the seedling stage as a slow, exponential 

in​creas​e with time followed by a linear phase.  Silsbury [7] found that the growth curve for dry weight and lamina area of perennial ryegrass (Lolium perenne L.) seedlings showed two distinct phases, one from 0 to 4 d after germination and, the second, a linear or curvilinear trend of reduced average slope until the end of the experi​ment.  Changes in dry matter may be associ​at​ed with endosperm exhaus​tion because seed dryweight showed no further decline [7]. Fenner [3] concluded that it is not easy to define a seedling morpho​logically.  e said: "The best we can hope for is a definition in the context of each individual study. "The hypothesis of this study was that because a plant’s size and dry weight are important indicators of a plant’s susceptibility to control techniques, careful analysis of seedling growth might reveal characteris​tics important to effective management.  The objective of this study was to determine the growth pattern and end of the seedling stage of eight annual weed species.   

Materials and Methods

Growth analysis experiments for eight annual weeds were conduct​ed twice in the green​house and twice in the field.  All seeds were obtained from dry seed storage in the weed research lab at Colorado State University.  They were planted in different size plastic pots to accommo​date the variation in size of differ​ent growth stages.  A preliminary root growth study was done by planting one plant of each species in the green​house in a 60 cm tall root box with a glass front.  In these experiments, root length was measured every 3 d after emer​gence to determine pot height re​quired for each growth stage of each spe​cies.  Pots used in the experi​ments were 15 or 20 cm tall and 15 cm wide. Plas​tic tubes 15 cm in diam and 45 cm high were used to support plas​tic bags with holes in the bottom to create the largest pot size used for the longest growth period.  The growth medium was a potting mix
 without additional fertil​izer for green​house and field experi​ments.

In the field, pots were placed in soil to maintain tempera​ture close to field soil temper​ature and filled to 2.5 cm below the top rim to permit irriga​tion.  Pots were placed in a random​ized block with four replica​tions (one plant per pot) for green​house and field experi​ments.  Irrometers
 were used to measure soil moisture (one irrometer placed in a pot in the center of each replication).  Soil water potential was  kept under 3 kpa by irrigating every 2 to 3 d in the field and greenhouse.

In the greenhouse, weeds were grown under metal halide lamps.  Average day/night temperature in the greenhouse was 34/14, 27/14 C for broadleaved species and 34/16, 38/19 C for grasses and in the field was 29/18, 21/13 for broadleaf species and 28/13, 23/11C for grasses in the first and second experiments, respectively.  Average photosynthetic active radiation (PAR) was recorded at noon three times each week in the green​house and in the field and the average was 316 and 267 µmolm-2s-1 in the greenhouse for broadleaved species and 287 and 327 µmolm-2s-1 for grasses and in the field was 1720 and 1472 µmolm-2s-1 for broadleaved species and 1592 and 758 µmolm-2s-1 for grasses in the first and second experiments, respectively.  To prevent interpot shading in the greenhouse, smaller pots were raised by putting empty pots underneath them.  Pots were re-randomized every 2 d within each replication to reduce the effect of natural variation in greenhouse light.  Greenhouse experiments for broadleaved species were begun Aug. 8 and Oct. 8, 1993, and field experiments on June 7 and July 13, 1994.  Grasses were planted on Feb. 9 and March 21, 1994 in the greenhouse and July 13 and Aug. 11, 1994 in the field.  These planting dates did not result in vigorous growth of most of tested weeds, but the general growth pattern of seedlings was assumed to be independent of planting date.  Broadleaved species and grasses were harvested at 3 d intervals beginning 3 d after emergence.  There were seven and six harvests for broadleaved and grass species, respectively.  Time from planting to emergence was 2 d for kochia and redroot pigweed, 3 to 4 d for velvetleaf, 7 to 9 d for black nightshade, and 2 to 3 d for all grasses. 

For each harvest, plants were divided into root, stem, and leaves.  Roots were washed gently under running water.  Young leaves, not completely opened, were considered part of the stem and, it was assumed, the stem ended and the root began at the soil surface [8, pp.189-205]. Petioles were considered part of the leaves and were separated from the stem.  Stem of branches or tillers were ​included as part of the main stem and their leaves as part of the plant’s leaves.  Length of the root and stem (cm), their area (cm2), total leaf area (cm²), and dry weight of plant compo​nents were mea​sured at each harvest.  The area of one surface of roots, stems, and leaves was obtained with a Licor  LI- 3100 area meter
.  Dry weight was ob​tained after drying at 80C for 24 to 72 h.   

Statistical analysis

Homogeneity of variance between experiments.  The effect of the variation between greenhouse experiments and between field experiments on growth of weed seedling component is important.  Analysis of variance, conducted for each greenhouse and field experi​ment, included root length, root area, root dry weight, stem height, stem area, stem dry weight, leaf number, leaf area, leaf dry weight, shoot dry weight, shoot/root ratio, and total dry weight.  Analysis for homoge​neity of variance within the two greenhouse or the two field experi​ments for each plant component was tested with the follow​ing equation [9, pp. 207-322].

F = Larger (Error Mean Square,EMS/Smaller EMS                       [1]

Homogeneity of variance between greenhouse experiments or between field experiments was obtained whenever the calculat​ed F was less or equal to the tabular F at p  <  0.05.  

Identification of the seedling stage of the exponential growth curve.  The growth pattern of shoot dry weight over time was modeled as an expo​nen​tial response with two stages: seedling and juvenile.  A plant was as​sumed to enter the juvenile stage when rate of growth increased.  To estimate days after emergence when this change occurred, original data for shoot dry weight and time were trans​formed to natural loga​rithms.  Homogeneity of shoot dry weight estimation between all experiments was tested by using dummy variables for experiments and their interaction with the shoot dry weight predictor ( day after emergence ) in a general linear model:

ln(W) =  âo + â1(rep) + â2 ln(T) + â3 x1 + â4 X2 +â5 X3 +â6 ln(T)X1 + â7 ln(T)X2 + â8 ln(T)X3 +E                                                                                                      [2]

Where:




ln(W) = ln (shoot dry weight) 

ln(T) = ln (day after emergence)

rep = replication (4 plants for each measurement)

X1 = 1 if experiment = greenhouse (1) otherwise X1=0

X2 = 1 if experiment = greenhouse (2) otherwise X2=0

X3 = 1 if experiment = field (1) otherwise X3=0

Ln(T)Xi = interaction term between experiment and predictor.

âo=intercept, â1, â2,..., â8 are parameters coefficients.

E = random error.

The homogeneity of shoot dry weight prediction between experiments was affirmed when all dummy variables and their interactions were not significant at α = 0.05.

The trans​formed data were fitted using a two phase linear regression model.  The model is:




Ln Y = a1 + a2*D + b1* T + b2*T*D.                                   [3]

Where Ln Y = natural log  of the predict​ed value of shoot dry weight,  T = time (days after emergence), D is zero if T is less than the day of stage change and one otherwise.  In this model a1 and b1 are the inter​cept and slope in the seedling stage, and (a1+a2) and (b1+b2) are the intercept and slope in the juvenile stage.  Thus, b2 represents the difference in slope between the two stages.  The null hypothesis of no slope change can be tested by testing the significance of b2.  The day of stage change used was the day for which the two-stage regression model had the maximum R2.  Howev​er, if b2 was not significant, a single line was fit. 

Results and Discussion

Growth analysis:

Growth analysis was conducted for data collected over 21 d for broadleaved and 18 d for grass weeds in greenhouse and field experiments.  Growth of all components of grass weeds was exponential and the same pattern was observed in each experiment.  The same general pattern (Fig. 1) was observed for broadleaved weeds except that root elongation of redroot pigweed, kochia, and black nightshade was linear in both greenhouse experiments.  These differences were probably due to light.  High light intensity in the field (5 times greenhouse light) encouraged root elongation and growth was exponential rather than linear.   

Fig. 1. Theoretical growth curve for shoot dry weight.

Growth response to experimental conditions:

There was no homogeneity of the variance of most plant components between greenhouse experiments or between field experiments.  However, there was homogeneity in the variance of root length of broadleaved species in field but not in greenhouse experiments.  Homogeneity of variance was also obtained for the root length of grass weeds under greenhouse and field conditions.  Variance of shoot/root ratio in the field was homogeneous between experiments for all weeds except kochia and wild oat. This suggests that root length and shoot/root ratio are less sensitive to environmental variation compared to other components of the tested weed species.  Therefore, these measurements could have predictive value, independent of growth conditions.  

Determining the period when weeds are no longer seedlings

Shoot dry weight was selected to determine the end of the seedling stage because it typified early growth patterns and  easily to measure.  The study assumed that weeds were no longer seedlings when the rate of increase of shoot dry weight changed after emergence. However, because this study was conducted only for early growth stages there was no simple mathematical method to determine an inflection point from one equation. A biologically meaningful inflection point had to be selected. Fitted regressions of the natural log of shoot dry weight on the natural log of days after emergence showed that growth, defining the seedling and juvenile stages, could be characterized by two exponential equations.  The analysis of variance (F-test) of shoot dry weight over time was significant, but it did not indicate where growth rate changed.  It was reasonable to assume that a two-phase regression of a ln transfromation of the original data of shoot dry weight might define the point where growth rate changed. This study made two assumptions. The first was that plants are supported by seed reserves during early growth. Seconderly, plants do not assimilate enough carbon that increases their dry weight until they become self-sufficient. At that point a plant is beyond the seedling stage.  Fig. 1 illustrates the theory of growth rate transition from the seedling to the juvenile stage. Table 1 shows when the transition occurred and shows the model that fit the two stages.  Fig. 2 and 3 show the change of the growth rate of shoot dry weight of kochia and barnyardgrass, respectively, to illustrate the two phases of growth exhibited by broadleaved and grass species (Table 1).  

The phase immediately after emergence is the seedling stage and the next phase is the juvenile stage when the plant is no longer a seedling.  Because there was a 3 d interval between collections of  plant data, the end of the seedling stage had to be estimated as a 3 d period sometime between the two phases in Figures 2 and 3.  The period of transition is shown between the early, less steep dotted line and the later, steeper solid line in both figures.  The rate of shoot growth increased for most species 6 to 12 DAE.  Shoot dry weight increased on the same time, days after emergence, under all growth conditions for each grass species but not for broadleaved species (Table 1). Transition from seedling to juvenile in grasses is therefore less sensitive to environmental conditions compared to broadleaved species. This might be because grass seedlings grow from their seed reserve, which is not exposed to above ground conditions as the cotolyedon of broadleaved species.  Because all broadleaved species moved from the seedling to the juvenile stage at different times under different growth conditions, cotyledonary reserves may be more affected by environmental conditions and thus affect the time of the transition of these species from seedling to juvenile.  Moreover, we could not determine a single factor responsible for the variation.  If growth rate did not changed, the time when plants moved from the seedling to the juvenile stage couldn't be determined (eg. redroot pigweed, Table 1).  

Table 1. 
Parameters of the two phase linear model that detected the time period when weed species moved from seedling to juvenile stages under different growth conditions 

Species
Experiment1
DAE2 hen

Slope change
P-value for

slope change
Model

R2
Model

Seedling      Juvenile

Velvet leaf

Black night-

   shade

Redroot pig-

   weed

Kochia

Barnyard grass

Green foxtail

Wild oat

Wild proso

   millet
GH.   (1)3
GH.   (2)

Field  (1)

Field  (2)

GH.  (1),(2)

Field  (1)

Field  (2)

GH.  (1)

GH.  (2)

Field(1),(2)

GH   (1),(2)

& Field (1)

Field  (2)

All

All

All

All
6

9

15

12

6

12

12

NA4
9

NA

6

9

9

9

9

6
0.0001

0.0200

0.0001

0.0001

0.0001

0.0001

0.0001

>0.05

0.0149

>0.050

0.0027

0.0001

0.0001

0.0001

0.0001

0.0001
0.9850

0.9564

0.9230

0.9656

0.9270

0.9651

0.9719

-

0.9573

-

0.8451

0.9540

0.9486

0.9026

0.9622

0.9026
-7.9+2.1(T)-12.1+3.9(T)5 

-7.5+1.9(T) -10.4+3.2(T) 

-6.5+1.7(T) -6.9+12.1(T)

-7.6+2(T)   -18.9+6.2(T)

-5.1+0.01(T)-2.1+3.7(T)

-8.2+1.6(T) -16.8+4.6(T)

-9.3+2.2(T) -23.3+7.5(T)

NA

-9.9+2.4(T) -14.5+4.3(T)

NA

-9.6+2.4(T) -14.5+4.2(T)

-8+2(T)     -20+6.6(T)

-8.4+1.7(T) -16+5(T)

-8.5+1.6(T) -18.7+5.6(T)

-6.6+1.5(T) -11+3.4(T)

-7+1.2(T)   -12+3.8(T)

1Data from different experiment were combined when the effect of an experiment and its interaction with DAE        

          was not significant (Model [2]). 

2DAE; Day after emergence.
3GH; Greenhouse, number in parentheses refers to first or second experiment.

4 NA; There was no significant difference between the slope of the growth of seedling and juvenile phases and       the end of seedling stage could not be detected.

5T; Time (DAE).                                     

According to De Vogel [1], dicotyledon seedlings are dependent on cotyledons and seed endosperm for energy. When the cotyledons fall, the plant becomes dependent on photosynthesis.  Similarly, endosperm dependence in grasses ends when seedlings become self-sufficient through photosynthesis [5].  This study suggests that when the rate of shoot growth increased, the plant was independent of its seed or cotyledon reserve and was no longer a seedling. 

Seedling stage had ended and the juvenile stage began after 6 and 9 DAE for most of the plants of the tested weed species in this study.  Physiologically, the juvenile phase is when the plant is capable of exponential increases in size but flowering cannot be readily induced [10, p.185]. During this phase the plant develops characteristic morphological forms of leaves, stems, etc.[10]. 


Fig. 2. Slope change in shoot dry weight of kochia. Data combined for the first field experiment and both greenhouse experiments and fitted by two phase regression (Table 1).

Fig. 3. Slope change in shoot dry weight of barnyardgrass. Data combined for all experiments and fitted by two phase regression (Table 1).

Others have studied the effect of environmental conditions on seedling growth [7;11;12] but there have been no other studies to determine the growth rate of  weed seed​lings.  This is a first attempt to use biological parameters to determine early plant growth and the end of the seedling stage.  Analysis of plant growth showed it was character​ized by exponential in​crease with time and the shape of the growth was inde​pendent of environ​mental condi​tions.  Biologi​cally, this study supports the contention that a plant is sup​ported by its own re​serves during the early stage of growth (the lag or seedling stage), where growth rate change was not observed, and transi​tion to the juvenile stage occurs when rate of shoot growth changed. To determine this period with greater preision, studies of the intire growth pattern are required.

References

[1] 
De Vogel, E.F. Seedlings of Dicotyledons. Wageningen, The Netherlands: Center for Agric. Pub. and Documentation, 1980.

[2] 
Fenner, M. Seed Ecology. London: Chapman and Hall, 1985.

[3] 
Fenner, M. Seedlings.  New Phytol., 106 (suppl.), 1987.

[4] 
Harper, J.”Population biology of plants”. Academic Press, London. (1977)132

[5] 
Arnott, R.A. “A Quantitative Analysis of the Endosperm Dependent Seed​ling Growth in Grasses”.  Ann. Bot. 39 (1975), 757-765.

[6] 
Salisbury, F.B. and C.W. Ross. “Plant Physiol​ogy". Belmont, California: Wadsworth Publish​ing Company, 1992.

[7] 
Silsbury, J.H. “The Effects of Temperature and Light Energy on Dry Weight and Leaf Area Changes in Seedling Plants of  Lolium perenne”.  Aust. J. Agric. Res 22 (1971), 177-187.

[8] 
Evans, G.C. The Quantitative Analysis of Plant Growth. Oxford: Blackwell Scientific Publications, 1972).

[9] 
Gomez, K. A. and A. A. Gomez. “Statistical Proce​dures for Agricul​tural Research". Singapore: John Wiley and Sons, 2nd ed. (1984)207-322

[10] 
Leopold, A. Carl, “Plant Growth and Development”. New York: McGraw-hill Book Company, 1964.

[11] 
Ison, R.T., Parson, A.E. and  B.C. Jacobs. “Comparative Growth and Develop​ment of Kenya Clover (Trifolium semipilosum) and White Clover (T. repens cv. Haifa)”: I.  Seedling and Plant Growth. Tropical Grasslands, 26 (1992), 40-50.

[12] 
Retzlaff, W.A., Miller, A. and Allen, R.M. “Comparison of Contain​er-growth Pineus tradea L. Seedlings Raised Outdoors and in a Growth Cham​ber in Sunlight". New Forests, 4 (1990), 223-230. 

تحليل نمو بادرات الحشائش
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*قسم وقاية النبات – كلية الزراعة. ص . ب  2460 الرياض 11451

المملكة العربية السعودية و قسم علم الزراعة الحيوية و أداره الآفات. جامعه ولآيه كولورادو الحكومية. فورت كولنز. كولورادو 80523, امريكا.

( قدم للنشر في7/1/ 1422 وقبل للنشر في23/6/ 1422 هـ )

ملخص البحث : أجريت تجربة لتحديد نمو بادرات ثمان حشائش وذلك بهدف تحديد منحنى النمو ونهاية مرحلة البادرة لكل نوع من الحشائش المدروسة . شمل التحليل طول ومساحة الجذور والسوق وعدد الأوراق ومجموع مساحة الأوراق والوزن الجاف وتغيرها مع الزمن . أجريت التجربة مرتين في البيت المحمي ومرتين في الحقل . كان منحنى النمو تزايد أسيا بالنسبة لكل من المعايير المدروسة ماعدا تزايد طول الجذور لحشائش Kochia scoparia L.; Solanum nigrum L.; Amaranthus retroflexus L. حيث كان النمو خطيا في تجربة البيت المحمي . ويعتبر الوزن الجاف للمجموع الخضري أفضل مؤشر لمنحنى نمو بادرات الحشائش . استخدمت معادلة الانحدار المعياري لخط مستقيم ثنائي المراحل للكشف عن الاختلافات في الوزن الجاف للمجموع الخضري مع الزمن .تنتهي مرحلة البادرة وتبدأ مرحلة البلوغ عندما يزداد معدل التغير في الوزن الجاف للمجموع الخضري بعد الإنبات .
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-2.816749618

-2.2192088762

-3.9528449999

-2.2192088762

-3.4420193762

-2.2192088762

-3.1372958379

-2.2192088762

-2.1550275286

-1.5594439665

-2.9526727841

-1.5594439665

-1.6270928477

-1.5594439665

-2.2367973525

-1.5594439665

-1.1621912703

-1.4762190686

-0.7096831492

-1.0013041062

-0.4261781497

-0.5395680926

0.0569472804

-0.8232558659

-6.074846156

-7.2644302229

-7.4185809027

-5.4261507381

-5.7138328105

-5.4491402563

-5.1498973614

-5.3601927703

-4.5952198551

-5.2983173665

-5.3391393611

-4.0455543981

-4.8536315453

-5.4036778822

-5.0206856299

-4.3275384494

-2.5587684984

-4.312500572

-3.2807512286

-2.3227878003

-3.9954046144

-3.9220733413

-3.3104430184

-1.9526326948

-2.327902901

-3.1941832123

-6.5712830424

-7.1308988303

-7.0131157946

-6.24

-4.9476604949

-5.3185200739

-4.9476604949

-4.3505279676

-4.8283137373

-4.4567501809

-4.933674253

-4.1930605352

-4.6253728933

-3.9845936983

-2.9022419305

-2.9526727841

-2.7504359176

-3.9738984091

-1.932401799

-2.3187144749

-1.3866944411

-1.3555711885

-1.6144504543

-0.9080745771

-1.2306590696



ورقة1

		





ورقة1

		1

		5

		7

		8

		9



SEEDLING

JUVENILE

Transition period

ln(Time) (DAE)

Shoot dry weight (g)

1

2

4

6

9



ورقة2

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377



ln(Time) (DAE)

ln(Shoot dry weight) (g)

JUVENILE
y = 4.28x - 14.59

SEEDLING
y = 2.44x - 9.58

-6.8124450992

-6.8993860156

-5.185878809

-6.5712830424

-6.8993860156

-5.185878809

-6.7254337222

-6.8993860156

-5.185878809

-6.8124450992

-6.8993860156

-5.185878809

-5.2785147393

-5.2081068951

-3.9545995389

-4.8536315453

-5.2081068951

-3.9545995389

-4.9198809308

-5.2081068951

-3.9545995389

-4.9198809308

-5.2081068951

-3.9545995389

-5.4491402563

-2.9995451393

-5.4967683053

-2.9995451393

-5.1328029281

-2.9995451393

-4.9908326668

-2.9995451393

-2.816749618

-2.2192088762

-3.9528449999

-2.2192088762

-3.4420193762

-2.2192088762

-3.1372958379

-2.2192088762

-2.1550275286

-1.5594439665

-2.9526727841

-1.5594439665

-1.6270928477

-1.5594439665

-2.2367973525

-1.5594439665

-1.1621912703

-1.4762190686

-0.7096831492

-1.0013041062

-0.4261781497

-0.5395680926

0.0569472804

-0.8232558659

-6.074846156

-7.2644302229

-7.4185809027

-5.4261507381

-5.7138328105

-5.4491402563

-5.1498973614

-5.3601927703

-4.5952198551

-5.2983173665

-5.3391393611

-4.0455543981

-4.8536315453

-5.4036778822

-5.0206856299

-4.3275384494

-2.5587684984

-4.312500572

-3.2807512286

-2.3227878003

-3.9954046144

-3.9220733413

-3.3104430184

-1.9526326948

-2.327902901

-3.1941832123

-6.5712830424

-7.1308988303

-7.0131157946

-6.24

-4.9476604949

-5.3185200739

-4.9476604949

-4.3505279676

-4.8283137373

-4.4567501809

-4.933674253

-4.1930605352

-4.6253728933

-3.9845936983

-2.9022419305

-2.9526727841

-2.7504359176

-3.9738984091

-1.932401799

-2.3187144749

-1.3866944411

-1.3555711885

-1.6144504543

-0.9080745771

-1.2306590696



ورقة3

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579



ln(Time) (DAE)

ln(Shoot dry weight) (g)

JUVENILE
y = 5.08x - 16.13

SEEDLING
y = 1.71x - 8.37

-6.2146080984

-6.4913729864

-3.5066742191

-6.1658179343

-6.4913729864

-3.5066742191

-6.1192979186

-6.4913729864

-3.5066742191

-6.074846156

-6.4913729864

-3.5066742191

-5.4036778822

-5.3060913076

-2.3731049784

-5.2030071867

-5.3060913076

-2.3731049784

-5.0672056456

-5.3060913076

-2.3731049784

-5.2785147393

-5.3060913076

-2.3731049784

-4.6885517949

-4.6127459728

-1.4469114699

-4.7676891155

-4.6127459728

-1.4469114699

-4.9908326668

-4.6127459728

-1.4469114699

-5.2983173665

-4.6127459728

-1.4469114699

-3.8121776705

-4.374058465

-3.8873303928

-4.0745419349

-2.4372599963

-2.6077524798

-2.9004220937

-2.5269794262

-1.7510014768

-1.6245515502

-2.0272286702

-1.5620773411

-6.7254337222

-6.5712830424

-6.5022901709

-6.6453910145

-5.7138328105

-5.5727542122

-5.4261507381

-5.5214609179

-4.933674253

-4.9908326668

-5.0672056456

-5.2983173665

-4.0008542191

-4.1604843647

-4.1997050779

-4.0118433407

-2.5034780354

-2.7504359176

-3.6156289924

-2.547207676

-0.7683018542

-1.7475512146

-0.7648580281

-2.9004220937

-6.2146080984

-6.3771270279

-6.3771270279

-6.3771270279

-4.9762338674

-5.2983173665

-4.7330035575

-4.9062752788

-3.3326045902

-3.2995437279

-3.6928874755

-3.4834926244

-1.8388510768

-2.547207676

-2.0762466508

-2.4769384801

-1.5813364823

-1.9668273973

-2.5902671654

-2.2349264445

-0.9975007873

-0.0242926926

-0.5315386654

-0.4232727268

-6.1658179343

-6.3771270279

-6.8124450992

-6.5022901709

-5.2400484584

-5.6549923105

-5.914503506

-5.6268214335

-4.1477453389

-4.6564634804

-4.0745419349

-4.9618451299

-2.7364496756

-3.4641371814

-3.1941832123

-2.887775132

-2.1303138721

-2.1982250777

-1.7

-1.7350011354

-1.1378730026

-1.0832311866

-1.226559303

-1.9262055658



		





		






_1077347468.xls
تخطيط3

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579



ln (Time) (DAE)

ln(Shoot dry weight) (g)

Juvenile

Seedling

-6.2146080984

-6.4913729864

-3.5066742191

-6.1658179343

-6.4913729864

-3.5066742191

-6.1192979186

-6.4913729864

-3.5066742191

-6.074846156

-6.4913729864

-3.5066742191

-5.4036778822

-5.3060913076

-2.3731049784

-5.2030071867

-5.3060913076

-2.3731049784

-5.0672056456

-5.3060913076

-2.3731049784

-5.2785147393

-5.3060913076

-2.3731049784

-4.6885517949

-4.6127459728

-1.4469114699

-4.7676891155

-4.6127459728

-1.4469114699

-4.9908326668

-4.6127459728

-1.4469114699

-5.2983173665

-4.6127459728

-1.4469114699

-3.8121776705

-4.374058465

-3.8873303928

-4.0745419349

-2.4372599963

-2.6077524798

-2.9004220937

-2.5269794262

-1.7510014768

-1.6245515502

-2.0272286702

-1.5620773411

-6.7254337222

-6.5712830424

-6.5022901709

-6.6453910145

-5.7138328105

-5.5727542122

-5.4261507381

-5.5214609179

-4.933674253

-4.9908326668

-5.0672056456

-5.2983173665

-4.0008542191

-4.1604843647

-4.1997050779

-4.0118433407

-2.5034780354

-2.7504359176

-3.6156289924

-2.547207676

-0.7683018542

-1.7475512146

-0.7648580281

-2.9004220937

-6.2146080984

-6.3771270279

-6.3771270279

-6.3771270279

-4.9762338674

-5.2983173665

-4.7330035575

-4.9062752788

-3.3326045902

-3.2995437279

-3.6928874755

-3.4834926244

-1.8388510768

-2.547207676

-2.0762466508

-2.4769384801

-1.5813364823

-1.9668273973

-2.5902671654

-2.2349264445

-0.9975007873

-0.0242926926

-0.5315386654

-0.4232727268

-6.1658179343

-6.3771270279

-6.8124450992

-6.5022901709

-5.2400484584

-5.6549923105

-5.914503506

-5.6268214335

-4.1477453389

-4.6564634804

-4.0745419349

-4.9618451299

-2.7364496756

-3.4641371814

-3.1941832123

-2.887775132

-2.1303138721

-2.1982250777

-1.7

-1.7350011354

-1.1378730026

-1.0832311866

-1.226559303

-1.9262055658



ورقة1

		





ورقة1

		1

		5

		7

		8

		9



SEEDLING

JUVENILE

Transition period

ln(Time) (DAE)

Shoot dry weight (g)

1

2

4

6

9



ورقة2

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377



ln(Time) (DAE)

ln(Shoot dry weight) (g)

JUVENILE
y = 4.28x - 14.59

SEEDLING
y = 2.44x - 9.58

-6.8124450992

-6.8993860156

-5.185878809

-6.5712830424

-6.8993860156

-5.185878809

-6.7254337222

-6.8993860156

-5.185878809

-6.8124450992

-6.8993860156

-5.185878809

-5.2785147393

-5.2081068951

-3.9545995389

-4.8536315453

-5.2081068951

-3.9545995389

-4.9198809308

-5.2081068951

-3.9545995389

-4.9198809308

-5.2081068951

-3.9545995389

-5.4491402563

-2.9995451393

-5.4967683053

-2.9995451393

-5.1328029281

-2.9995451393

-4.9908326668

-2.9995451393

-2.816749618

-2.2192088762

-3.9528449999

-2.2192088762

-3.4420193762

-2.2192088762

-3.1372958379

-2.2192088762

-2.1550275286

-1.5594439665

-2.9526727841

-1.5594439665

-1.6270928477

-1.5594439665

-2.2367973525

-1.5594439665

-1.1621912703

-1.4762190686

-0.7096831492

-1.0013041062

-0.4261781497

-0.5395680926

0.0569472804

-0.8232558659

-6.074846156

-7.2644302229

-7.4185809027

-5.4261507381

-5.7138328105

-5.4491402563

-5.1498973614

-5.3601927703

-4.5952198551

-5.2983173665

-5.3391393611

-4.0455543981

-4.8536315453

-5.4036778822

-5.0206856299

-4.3275384494

-2.5587684984

-4.312500572

-3.2807512286

-2.3227878003

-3.9954046144

-3.9220733413

-3.3104430184

-1.9526326948

-2.327902901

-3.1941832123

-6.5712830424

-7.1308988303

-7.0131157946

-6.24

-4.9476604949

-5.3185200739

-4.9476604949

-4.3505279676

-4.8283137373

-4.4567501809

-4.933674253

-4.1930605352

-4.6253728933

-3.9845936983

-2.9022419305

-2.9526727841

-2.7504359176

-3.9738984091

-1.932401799

-2.3187144749

-1.3866944411

-1.3555711885

-1.6144504543

-0.9080745771

-1.2306590696



ورقة3

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579



ln(Time) (DAE)

ln(Shoot dry weight) (g)

JUVENILE
y = 5.08x - 16.13

SEEDLING
y = 1.71x - 8.37

-6.2146080984

-6.4913729864

-3.5066742191

-6.1658179343

-6.4913729864

-3.5066742191

-6.1192979186

-6.4913729864

-3.5066742191

-6.074846156

-6.4913729864

-3.5066742191

-5.4036778822

-5.3060913076

-2.3731049784

-5.2030071867

-5.3060913076

-2.3731049784

-5.0672056456

-5.3060913076

-2.3731049784

-5.2785147393

-5.3060913076

-2.3731049784

-4.6885517949

-4.6127459728

-1.4469114699

-4.7676891155

-4.6127459728

-1.4469114699

-4.9908326668

-4.6127459728

-1.4469114699

-5.2983173665

-4.6127459728

-1.4469114699

-3.8121776705

-4.374058465

-3.8873303928

-4.0745419349

-2.4372599963

-2.6077524798

-2.9004220937

-2.5269794262

-1.7510014768

-1.6245515502

-2.0272286702

-1.5620773411

-6.7254337222

-6.5712830424

-6.5022901709

-6.6453910145

-5.7138328105

-5.5727542122

-5.4261507381

-5.5214609179

-4.933674253

-4.9908326668

-5.0672056456

-5.2983173665

-4.0008542191

-4.1604843647

-4.1997050779

-4.0118433407

-2.5034780354

-2.7504359176

-3.6156289924

-2.547207676

-0.7683018542

-1.7475512146

-0.7648580281

-2.9004220937

-6.2146080984

-6.3771270279

-6.3771270279

-6.3771270279

-4.9762338674

-5.2983173665

-4.7330035575

-4.9062752788

-3.3326045902

-3.2995437279

-3.6928874755

-3.4834926244

-1.8388510768

-2.547207676

-2.0762466508

-2.4769384801

-1.5813364823

-1.9668273973

-2.5902671654

-2.2349264445

-0.9975007873

-0.0242926926

-0.5315386654

-0.4232727268

-6.1658179343

-6.3771270279

-6.8124450992

-6.5022901709

-5.2400484584

-5.6549923105

-5.914503506

-5.6268214335

-4.1477453389

-4.6564634804

-4.0745419349

-4.9618451299

-2.7364496756

-3.4641371814

-3.1941832123

-2.887775132

-2.1303138721

-2.1982250777

-1.7

-1.7350011354

-1.1378730026

-1.0832311866

-1.226559303

-1.9262055658
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ورقة2

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.0986122887		1.0986122887		2.1972245773

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		1.7917594692		1.7917594692		2.4849066498

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.1972245773				2.7080502011

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.4849066498				2.8903717579

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.7080502011				3.0445224377

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377

		3.0445224377



ln(Time) (DAE)

ln(Shoot dry weight) (g)

JUVENILE
y = 4.28x - 14.59

SEEDLING
y = 2.44x - 9.58

-6.8124450992

-6.8993860156

-5.185878809

-6.5712830424

-6.8993860156

-5.185878809

-6.7254337222

-6.8993860156

-5.185878809

-6.8124450992

-6.8993860156

-5.185878809

-5.2785147393

-5.2081068951

-3.9545995389

-4.8536315453

-5.2081068951

-3.9545995389

-4.9198809308

-5.2081068951

-3.9545995389

-4.9198809308

-5.2081068951

-3.9545995389

-5.4491402563

-2.9995451393

-5.4967683053

-2.9995451393

-5.1328029281

-2.9995451393

-4.9908326668

-2.9995451393

-2.816749618

-2.2192088762

-3.9528449999

-2.2192088762

-3.4420193762

-2.2192088762

-3.1372958379

-2.2192088762

-2.1550275286

-1.5594439665

-2.9526727841

-1.5594439665

-1.6270928477

-1.5594439665

-2.2367973525

-1.5594439665

-1.1621912703

-1.4762190686

-0.7096831492

-1.0013041062

-0.4261781497

-0.5395680926

0.0569472804

-0.8232558659

-6.074846156

-7.2644302229

-7.4185809027

-5.4261507381

-5.7138328105

-5.4491402563

-5.1498973614

-5.3601927703

-4.5952198551

-5.2983173665

-5.3391393611

-4.0455543981

-4.8536315453

-5.4036778822

-5.0206856299

-4.3275384494

-2.5587684984

-4.312500572

-3.2807512286

-2.3227878003

-3.9954046144

-3.9220733413

-3.3104430184

-1.9526326948

-2.327902901

-3.1941832123

-6.5712830424

-7.1308988303

-7.0131157946

-6.24

-4.9476604949

-5.3185200739

-4.9476604949

-4.3505279676

-4.8283137373

-4.4567501809

-4.933674253

-4.1930605352

-4.6253728933

-3.9845936983

-2.9022419305

-2.9526727841

-2.7504359176

-3.9738984091

-1.932401799

-2.3187144749

-1.3866944411

-1.3555711885

-1.6144504543

-0.9080745771

-1.2306590696



ورقة3

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.0986122887		1.0986122887		2.4849066498

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		1.7917594692		1.7917594692		2.7080502011

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.1972245773		2.1972245773		2.8903717579

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579

		1.0986122887

		1.0986122887

		1.0986122887

		1.0986122887

		1.7917594692

		1.7917594692

		1.7917594692

		1.7917594692

		2.1972245773

		2.1972245773

		2.1972245773

		2.1972245773

		2.4849066498

		2.4849066498

		2.4849066498

		2.4849066498

		2.7080502011

		2.7080502011

		2.7080502011

		2.7080502011

		2.8903717579

		2.8903717579

		2.8903717579

		2.8903717579



ln(Time) (DAE)

ln(Shoot dry weight) (g)

JUVENILE
y = 5.08x - 16.13

SEEDLING
y = 1.71x - 8.37

-6.2146080984

-6.4913729864

-3.5066742191

-6.1658179343

-6.4913729864

-3.5066742191

-6.1192979186

-6.4913729864

-3.5066742191

-6.074846156

-6.4913729864

-3.5066742191

-5.4036778822

-5.3060913076

-2.3731049784

-5.2030071867

-5.3060913076

-2.3731049784

-5.0672056456

-5.3060913076

-2.3731049784

-5.2785147393

-5.3060913076

-2.3731049784

-4.6885517949

-4.6127459728

-1.4469114699

-4.7676891155

-4.6127459728

-1.4469114699

-4.9908326668

-4.6127459728

-1.4469114699

-5.2983173665

-4.6127459728

-1.4469114699

-3.8121776705

-4.374058465

-3.8873303928

-4.0745419349

-2.4372599963

-2.6077524798

-2.9004220937

-2.5269794262

-1.7510014768

-1.6245515502

-2.0272286702

-1.5620773411

-6.7254337222

-6.5712830424

-6.5022901709

-6.6453910145

-5.7138328105

-5.5727542122

-5.4261507381

-5.5214609179

-4.933674253

-4.9908326668

-5.0672056456

-5.2983173665

-4.0008542191

-4.1604843647

-4.1997050779

-4.0118433407

-2.5034780354

-2.7504359176

-3.6156289924

-2.547207676

-0.7683018542

-1.7475512146

-0.7648580281

-2.9004220937

-6.2146080984

-6.3771270279

-6.3771270279

-6.3771270279

-4.9762338674

-5.2983173665

-4.7330035575

-4.9062752788

-3.3326045902

-3.2995437279

-3.6928874755

-3.4834926244

-1.8388510768

-2.547207676

-2.0762466508

-2.4769384801

-1.5813364823

-1.9668273973

-2.5902671654

-2.2349264445

-0.9975007873

-0.0242926926

-0.5315386654

-0.4232727268

-6.1658179343

-6.3771270279

-6.8124450992

-6.5022901709

-5.2400484584

-5.6549923105

-5.914503506

-5.6268214335

-4.1477453389

-4.6564634804

-4.0745419349

-4.9618451299

-2.7364496756

-3.4641371814

-3.1941832123

-2.887775132

-2.1303138721

-2.1982250777

-1.7

-1.7350011354

-1.1378730026

-1.0832311866

-1.226559303

-1.9262055658



		





		






