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RESEARCH ARTICLE
Influence of bioregulators on latex yield and proteolytic activity of papain extracted from field-grown TNAU Papaya CO. 8 under the natural incidence of Papaya Ring Spot Virus 

	
	ABSTRACT
The cultivation of papaya for both fruits or commercial 
papain extraction drastically suffers often due to devastating incidence of papaya ringspot virus disease. To find out whether the papain yield and quality are influenced when bioregulators are applied to manage PRSV incidence or as a measure to limit the height of the crop, the present study was undertaken in TNAU Papaya CO.8 variety grown in the open field with the natural incidence of PRSV. Three growth retardants [250 ppm of prohexadione calcium (G2), 500 ppm of mepiquat chloride (G3) and 500 ppm of chlormequat chloride (G4)] and three stress tolerance promoting bioregulators [100 ppm of methyl jasmonate (S2), 100 ppm of salicylic acid (S3) and 0.6 g/ l of strobilurins (S4)] were employed in the study. Water spray (G1 and S1) was kept as control.The treatments were imposed at 4th and 8th months after planting. The growth retardants were initially sprayed and subsequently, a week after the stress tolerance promoting bioregulators were sprayed as per the doses.Among the combinations tried, spraying of 250 ppm of prohexadione calcium followed by water spray (G2S1) a week later recorded the lowest plant height (140.79 cm) at the time of fruiting. The treatment combination G2S2 involving 250 ppm of prohexadione calcium and 100 ppm of methyl jasmonate registered higher number of fruits (42.17). The combination of 250 ppm of prohexadione calcium along with 100 ppm of salicylic acid (G2S3) was found to be the most effective  to manage PRSV without compromising papain production and to enhance the proteolytic activity significantly (44378.36  TU g-1) as compared to others combinations. The treatment combination of 500 ppm of mepiquat chloride and 100 ppm of salicylic acid (G3S3) favored higher dry latex yield apart from a significant reduction in PRSV symptoms. Both these treatment combinations (G2S3 and G3S3) merit due consideration in PRSV management for commercial fruit and papain production in papaya.
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INTRODUCTION

Papaya, commercially grown for its nutritious fruits and besides, it is an excellent source of a proteolytic enzyme ‘papain’ present in the latex of unripe fruits. The latex contains a mix of proteolytic enzymes including papain, chymopapain A and B, endopeptidase papain III, endopeptidase papain IV and endopeptidase papain omega (Azarkan et al., 2003). Papain is a single-chain non-glycosylated polypeptide of 212 amino acids (23, 429 Da) containing three disulfide bonds (Mamboya, 2012). Papain is used for many pharmaceutical, food and beverage, meat, dairy, textile, photographic, optical, tanning, cosmetic, detergent and leather industries and there is a growing demand for the papain (Shouket et al., 2020).

Papaya crop is often devastated by the disease caused by Papaya Ring Spot Virus (PRSV), in most of the countries where it is commercially grown. In India also, PRSV disease significantly affects fruit and papain production leading to huge economic losses (Mishra et al., 2019). The symptoms of PRSV include distortion of young leaves, development of a shoestring appearance, stunted plant and ring spots on the surface of the fruit (Gonsalves et al., 2010).The crop loss due to PRSV can be to the extent of 70 to 95 % (Singh and Shukla, 2009). Since there is no genetic resistance to PRSVpresently available in commercial papaya varieties grown in India, the management of PRSV through the use of 
bioregulators
 is a possible alternative option as the growth regulators can modulate the physiology of the crop to overcome the cellular stress caused by PRSV. When plants are tall, the access to fruits for papain extraction is often difficult and growth retardants may be helpful in limiting the crop height. Growth manipulation to reduce height and to overcome stresses caused by invasive pathogens have been earlier attempted in many crops (Abdi et al., 2016; Mouca et al., 2013; Le Roux and Barry, 2010) but such studies are lacking in papaya. The present study was therefore taken up 
to find out whether the papain yield and quality are compromised when growth retardant bioregulators when used in combination to manage plant height and to promote physiological tolerance to PRSV.
MATERIAL AND METHODS
The trial was carried out at the University orchard, Horticultural College and Research Institute, Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu. Among the papaya varieties released from Tamil Nadu Agricultural University, the variety TNAU Papaya CO. 8 was used in this study, as it is gaining importance among the growers. It is a dioecious variety with red pulp and having a high yield potential of 200 – 220 t/ ha. This variety is recommended for both table purpose and industrially valued papain.

Treatment details

For the study, three growth retardants as one factor and three stress regulating bioregulators as another factor was employed. The growth retardants used for the study were 250 ppm of prohexadione calcium (G2), 500 ppm of mepiquat chloride (G3) and 500 ppm of chlormequat chloride (G4) and the three stress tolerance promoting bioregulators viz., 100 ppm of methyl jasmonate (S2), 100 ppm of salicylic acid (S3) and 0.6 g/ l of strobilurins (S4). In both the factors, water spray (G1 and S1) was kept as control. The bioregulator treatments were applied as foliar spray at fourth and eighth month after transplanting as per the treatment details. Initially growth retardants were sprayed as per the treatment details and one week after the application stress tolerance promoting bioregulators were sprayed along with water spray as control for both the factors.
Papain extraction
The papaya latex (crude papain) was extracted from each treatments of papaya variety TNAU papaya CO.8 at 3-4 days intervals commencing from 70 days to 90 days after fruit set. The collection of latex was done between 6.30 and8.30 am. The latex was collected in polythene covers to quantify the wet latex yield.To the fresh latex, potassium metabisulphiteat the concentration of 0.5% was added to avoid the loss of enzyme activity and kept for drying in shade. After drying, the crude papain was weighed as dry latex and stored in freezer at -20 °C. 

Observations recorded

Plant height (cm)

The height of the plant was measured 15 cm from ground level to the terminal of the crown at the time of fruiting and expressed in centimetres.

First bearing height (cm)

The height of the plant from the 15 cm level to the height at which first mature fruit appeared was measured as first bearing height and expressed in centimetres.

Number of fruits / tree 

The total number of fruits set on the plant was counted when first harvest commenced and expressed in numbers.

Fruit length (cm)

 The length of the fruit was measured from the stylar end to pedicel end of the fruit along the curve by using a measuring tape and expressed in centimetres.

Fruit circumference (cm)


 The circumference of the fruit was measured at midpoint of the length along the curve by using a thread and expressed in centimetres.

PRSV incidence

Papaya Ring Spot Virus (PRSV) disease incidence was recorded using the following score chart (Table 1) having six delineating scores (Dhanam, 2006).
Table 1. Symptoms and score chart of PRSV
	S. No
	Description of the symptoms
	Score

	1.
	No symptoms
	0

	2.
	Mild mosaic (or) oily spots, streaks on petiole (or) stem, oily spots on fruits
	1

	3.
	Mild mosaic and oily streaks/ spots on petiole/ stem and ring spots on fruits
	3

	4.
	Oily spots/ streaks on petiole (or) stem (or) ring spots on fruits
	5

	5.
	Oily spots/streaks on petioles, stem or on fruits (ring spots), severe mosaic or blistening on leaves and leaf deformation + severe leaf reduction / mild fruit deformation with ring spots
	7

	6.
	Oily spots/ streaks on petiole or stem and shoe string formation or severe fruit development with ring spots and stunted plants
	9


The disease severity was calculated by using the following formula:

PRSV (per cent) = (Total score of all plants / Total number of plants) x (100/ max score)

Wet latex yield (g)

The fresh latex collected from each fruit was weighed using weighing balance and expressed in grams.

Dry latex yield (g)

The wet latex was then allowed to dry in partial shade for 7-8 hrs. The dried latex (crude papain) was then collected, weighed and expressed in grams.

Papain enzyme activity (TU mg-1)

The papain activity was assayed by using the method described by Weisslerand Garza (1965). In this method, casein was used as substrate and the amount oftyrosine released from a standard casein solution was measured and reported astyrosine units per gram of papain.

Statistical analysis

The experiment was laid out in Factorial Randomized Block Design (FRBD) with four treatments in each of the two factors (16 treatment combinations + one absolute control) and replicated thrice. The mean effects were compared after subjecting the data collected by Factorial ANOVA test with SPSS 16.0 software and critical differences were worked out at five percent probability level.

RESULTS AND DISCUSSION
Influence of bioregulators on plant height (cm) and first bearing height (cm) of TNAU Papaya CO.8

Lower plant height is advantageous for many cultural operations including spraying of micronutrients, plant protection chemicals, harvesting and for papain extraction. Significant differences were observed in plant height and as well for first bearing height due to the main effects of growth retardant treatments but not for main effects of stress tolerance promoting bioregulators. But the interaction effects were significant. When the main effects of growth retardants are considered, 250 ppm of prohexadione calcium (G2 – 147.54 cm) and 500 ppm of chlormequat chloride (G4 – 147.05 cm) recorded the lowest plant height. Mepiquat chloride (G3) also resulted in restricting plant height (152.32 cm) as compared to control (G1-173.35 cm) (Figure 1). Among the combinations, spraying of 250 ppm of prohexadione calcium followed by water spray (G2S1) recorded the lowest plant height (140.79 cm) at the time of fruiting (Table 4).  Higher plant heights were observed with spraying of stress tolerance promoting bioregulators alone without growth retardants (G1S1 – 171.25 cm, G1S2 – 174.37 cm, G1S3 – 175.48 cm and G1S4 – 172.30 cm respectively). 

Similar to plant height, first fruiting height or bearing height is an important trait in papaya cultivation as it directly corresponds to early harvest of fruits and economic life of plantation. When the main effects of growth retardants are considered, 250 ppm of prohexadione calcium (G2 – 69.44 cm) and 500 ppm of chlormequat chloride (G4 – 69.49 cm) recorded lower fruiting heights (Figure 1). When both the factors are combined, 500 ppm of chlormequat chloride along with 100 ppm of salicylic acid (G4S3 – 68.17 cm) and 250 ppm of prohexadione calcium followed by water spray (G2S1 – 68.43 cm) recorded significantly lower fruiting heights as   compared to the higher bearing height (102.71 cm) of absolute control (Table 2). 
The reason for height reduction in the treatment involving G2 can be attributed to the action of prohexadione calcium, a gibberellin biosynthesis inhibitor that acts as a co-substrate for catalyzing hydroxylations involved in the late stages of GA biosynthesis. This retardant has been reported to mainly target an enzyme 3b-hydroxylase, which helps in the conversion of inactive GA20/GA9 into highly active GA1/GA4, leading to reduced plant height and shoot length (Kim et al., 2019). It was reported that chlormequat chloride used in G4 is also an anti-gibberellin limiting stem elongation and causing height reduction (Rademacher, 2000).  Although mepiquat chloride is an onium type compound similar to chlormequat chloride, it did not reduce the height as effectively as the other two retardants.

Influence of bioregulators on number of fruits of TNAU Papaya CO.8

When the main effect of bioregulatorsare considered, significantly more number of fruits were observed in G2 (38.88) among growth retardants and with strobilurins (S4- 37.84) among the stress tolerance promoting bioregulators (Figure 1 and 2). Increased number of fruits is generally observed in the plants, when treated with salicylic acid along with growth retardants. Significantly higher number of fruits were recorded in the treatment combinations involving 250 ppm of prohexadione calcium and 100 ppm of methyl jasmonate (G2S2-42.17), 500 ppm of mepiquat chloridewith 100 ppm of salicylic acid (G3S3 - 42.01) and 250 ppm of prohexadione calcium with 100 ppm of salicylic acid (G2S3 - 41.13) (Table 2) as compared to control.

The reason for increase in number of fruits in strobilurins treated plants can be attributed to possible improvement of cytokinin activity leading to improved synthesis of photosynthetic pigments and promoting source to sink mobilization (Fletcher et al., 2000).The increase in number of fruits in plants treated with salicylic acid could be due to the modulation of physiological attributes leading to reduced PRSV disease expression during the fruit developmental phase.  A similar finding of an increased number of fruits and yield in papaya  cv. Red Lady  was reported with the application of salicylic acid (150 ppm) at 45 and 120 days after transplantingand this was attributed to increased chlorophyll accumulation, carbonic anhydrase and rubisco activity which in turn accelerated the translocation of assimilates to developing fruits (Devarakonda et al., 2020).Favorable effects of foliar application of salicylic acid in other fruit crops also reported previously lends support to the present observation (Gioushy (2016);Faissal et al., 2014; Ngullie et al., 2014; Kassem et al., 2011and Bindhyachalet al., 2016).

Influence of bioregulators on fruit length and circumference (cm) of TNAU Papaya CO.8


Fruit length and fruit circumference are important parameters as they have a positive association with papain yield by offering more surface area for the extraction of latex (Seemanthini, 1967). In the present study, the combination of 500 ppm of chlormequat chloride with 100 ppm of salicylic acid (G4S3) resulted in higher fruit length (29.40 cm) and circumference (46.05 cm) (Table 2) when compared to other treatments. In all the combinations with chlormequat chloride, the fruits were relatively longer in the present study. This could be due to enhanced availability of more assimilates to developing fruits as the vegetative growth becomes limitedby chlormequat chloride. Besides, the reduction in PRSV symptom expression promoted by stress regulators could have also helped in the better mobilization of available photosynthetic assimilates for fruit development. The main effects of stress regulating growth regulators were not significant on fruit circumference

Influence of bioregulators on PRSV incidence 

The PRSV incidence at 7th month has a direct bearing on the crop load and yield as the fruit development is rapid at 7th and 9thmonth. In the present study, the PRSV disease severity ranged from 33.33 per cent (G2S3) to 77.77 per cent (G1S1 and Absolute control mean) at seventh month after transplanting (Table 2). When the main effects are considered, among the growth retardants, 250 ppm of prohexadione calcium (G2 – 51.85 per cent) andsalicylic acid  at 100ppm level among the stress tolerance promoting bioregulators (S3 – 44.44 per cent) resulted in  significantly lower PRSV disease incidences (Figure 3). Among the treatment combinations, the lowest disease incidence was recorded in the combination of 250 ppm of prohexadione calcium with 100 ppm of salicylic acid (G2S3– 33.33 per cent)while the incidence was significantly in water sprayed plants (G1S1 – 77.77 per cent). The reduced disease expression of PRSV in prohexadione calcium treated plants could be attributed to the content of calcium, which is known to provide integrity to cell walls and membranes and thus possibly delaying early degeneration during the pathogen infection. It has been reported that exogenous calcium supply improved the plant’s resistance including virus infection (Eraslan et al., 2007 and Thor, 2019). In general, in the plants sprayed with salicylic acid also the PRSV incidence was lower as compared to the other treatments. Salicylic acid has been known to induce resistance to viruses and inhibit the development of viral diseases in plants (Naylor et al., 1998). In an earlier study, Guan (2007) reported improved resistance to PRSV by salicylic acid application. As PRSV drastically reduces fruit production and also markedly reduces papain production (Khurana, 1970 and Singh et al., 2005), spraying with 100 ppm of salicylic acid could be recommended for the management of the disease either for fruit production and papain extraction in combination with prohexadione calcium.

Influence of bioregulators on wet latex yield of TNAU Papaya CO.8

When the main effects are considered, among the growth retardants, significantly higher wet latex yield were recorded by 250 ppm of prohexadione calcium (G2 – 26.40 g fruit-1) and 500 ppm of mepiquat chloride (G3 – 26.29 g fruit-1). Similarly, 100 ppm of salicylic acid (S3 – 32.60 g fruit-1) treated plants registered higher wet latex yield among the stress tolerance promoting bioregulators (Figure 5a). Among the combinations, the highest wet latex yield was recorded in plantssprayed first with water spray and a week later with100 ppm of salicylic acid (G1S3 – 42.08 g fruit-1) indicating the beneficial effect of salicylic acid. It was followed by the combinations 250 ppm of prohexadione calcium in combination with either 100 ppm of salicylic acid (G2S3 – 33.45 g fruit-1) or just water spray (G2S1 - 33.14 g fruit-1) (Table 3).

As similar to wet latex yield per fruit, the combination of 250 ppm of prohexadione calcium along with 100 ppm of salicylic acid (G2S3-1376.07 g tree-1) recorded the highest wet latex yield per tree. The combination of 100 ppm of methyl jasmonate with 500 ppm of mepiquat chloride resulted in a moderately higher quantity of wet latex yield (G3S2- 905.62 g tree-1 and G3S4- 977.24 g tree-1) but when methyl jasmonate was combined with water spray (G1S2) latex yield was lower than control, indicating methyl jasmonate may be detrimental for papain production. Although methyl jasmonate is known for imparting defense mechanisms against many biological stresses in plants (Ahmad et al., 2016), its utility in papaya for managing PRSV should be weighed carefully as the papain yield gets reduced. 

The possible higher and improved availability of calcium contributed by prohexadione calcium could be also influential in higher papain latex yield as calcium is responsible for cell wall integrity and protecting the lactiferous cells and channels from disintegration due to PRSV. In the combinations involving salicylic acid also generally a higher amount of wet latex were observed in the present study. Besides the induced resistance, the phenolic nature of salicylic acid may promote the expression of cysteine protease gene which is responsible for the production of papain (Kovacs et al., 2016).

Influence of bioregulators on dry latex yield of TNAU Papaya CO.8

Dry latex yield per fruit was also significantly influenced by the foliar application of bioregulators (Table 3). Among the growth retardants, 500 ppm of mepiquat chloride (G3 – 5.51 g fruit-1 and 206.89 g tree-1) recorded higher dry latex yield.

 
While considering the stress tolerance promoting bioregulators, 100 ppm of salicylic acid (S3) recorded the highest dry latex yield (6.27 g fruit-1 and 223.17 g tree-1) and the lowest dry latex yield (3.20 g fruit-1 and 121.36 g tree-1)  was recorded in 100 ppm of methyl jasmonate treated fruits (S2) (Figure 5b and 5d).

Among the combinations, a higher quantity of dry latex per fruit (7.39 g fruit-1) was recorded in G1S3 combinations (water with 100 ppm of salicylic acid) and it was followed by the combinations 250 ppm of prohexadione calcium with water (G2S1 - 6.34 gfruit-1), 500 ppm of mepiquat chloride with 100 ppm of salicylic acid (G3S3 - 6.28 gfruit-1) and 500 ppm of chlormequat chloride with 100 ppm of salicylic acid (G4S3 - 6.22 gfruit-1). As the wet latex yield was found to be more in salicylic acid and prohexadione calcium treated plants, the dry latex yield per fruit was also proportionately higher in these treatments.

Among the combinations, application of mepiquat chloride (500 ppm) and salicylic acid (100 ppm) at fourth and eighth month after transplanting significantly increased the dry latex yield per tree (G3S3 - 263.63 g tree-1) as compared to control. Prohexadione calcium (G2) or salicylic acid (S3) yielded moderately higher content of dry latex per tree (222.36 and 222.81 g tree-1) when it was combined with water. The estimated yield of dry latex per acre was also higher (G3S3 – 210.91 kg acre-1) in the combination 500 ppm of mepiquat chloride with 100 ppm of salicylic acid (Figure 6).

In the present study, foliar application of methyl jasmonate (G1S2) was found to limit the dry latex yield (31.94 g tree-1) as the wet latex yield itself was reduced. Application of jasmonate or its methyl ester was reported to strongly induce local and systemic expression of protease inhibitor genes in a variety of plant species (Koiwa et al., 1997) and whether such inhibitory process is involved in papain yield as in the present study needs to be further explored. 

Influence of bioregulators on proteolytic activity (TU g-1)

Among the growth retardants, higher proteolytic activity was observed in 250 ppm of prohexadione calcium (G2- 42640.48 TU g-1) and in stress tolerance promoting bioregulators, 100 ppm of salicylic acid recorded the highest proteolytic activity (S3 - 42061.82 TU g-1) (Figure 4).

In the treatment with prohexadione calcium alone or its combination with salicylic acid generally higher proteolytic activity (G2S1 - 44378.15 TU g-1, G1S3 - 44178.21 TU g-1 and G2S3 - 44378.36 TU g-1) (Table 3) was recorded.However, the dry papain yield was comparatively lower in these treatments as compared to G3S3. The proteolytic activity of the dry papain recovered from the treatment G3S3  was moderate (39794.04 TU g-1 ) but as the number of fruits and as well as papain yield was higher, this combination would be commercially more beneficial as compared to other treatments.  Although in G2S2 and G3S2, the number of fruits were comparable to G3S3and plant heights were moderately lower, these treatment combinations fared poorer than G3S3 for dry latex yield per tree.  In the other treatment combinations either the papain recovery was low or the papain activity was not high. The fruit yield was also not as high as G3S3in the other combinations.

Application of 500 ppm of mepiquat chloride at fourth and eighth month after transplanting followed by a spray of 100 ppm of salicylic acid could help to achieve a higher dry latex yield, moderately high proteolytic activity with a significant reduction in PRSV symptoms In economic terms, the growers need a balance between fruit yield as well as papain yield. Since, the income derived from fruit yield is primary, considering the overall yield as well as moderately high papain recovery, this treatment has to be further manipulated to achieve the higher proteolytic activity.

Tables
Table 2. Influence of bioregulators on morphological, fruit physical parameters and PRSV incidence of TNAU Papaya CO.8

	Treatment
	Plant height at fruiting

(cm)
	First Fruiting height (cm)
	Number of fruits
	Fruit length (cm)
	Fruit circumference (cm)
	PRSV 

incidence

(%)

	G1S1
	171.25
	97.10
	28.44
	23.16
	37.96
	77.77

(61.87)

	G1S2
	174.37
	100.88
	33.07
	24.71
	38.68
	62.95

(52.51)

	G1S3
	175.48
	98.91
	30.13
	25.34
	39.41
	55.55

(48.19)

	G1S4
	172.30
	99.89
	38.01
	22.82
	36.13
	62.95

(52.51)

	G2S1
	140.79
	68.43
	35.07
	27.16
	40.39
	62.95

(52.51)

	G2S2
	147.51
	69.66
	42.17
	26.18
	38.06
	55.55

(48.19)

	G2S3
	149.27
	69.05
	41.13
	27.11
	40.07
	33.33

(35.26)

	G2S4
	152.60
	70.66
	37.17
	25.81
	40.74
	55.55

(48.19)

	G3S1
	150.34
	81.23
	33.03
	27.34
	41.87
	70.36

(57.01)

	G3S2
	151.08
	88.37
	36.34
	24.34
	41.44
	62.95

(52.51)

	G3S3
	154.57
	82.60
	42.01
	29.40
	39.13
	48.14

(43.93)

	G3S4
	153.29
	81.53
	38.04
	25.75
	38.94
	48.14

(43.93)

	G4S1
	148.90
	69.71
	32.16
	27.30
	37.56
	70.36

(57.01)

	G4S2
	150.54
	70.12
	34.67
	28.52
	41.33
	62.95

(52.51)

	G4S3
	144.76
	68.17
	31.13
	29.18
	46.05
	40.73

(39.66)

	G4S4
	144.02
	69.56
	38.17
	26.68
	44.25
	55.55

(48.19)

	Absolute control mean
	168.74
	102.71
	30.14
	25.18
	38.72
	77.77

(61.87)

	SEd
	2.57
	1.75
	0.65
	1.02
	2.17
	2.02

	CD (0.05)
	5.25
	3.58
	1.34
	2.09
	4.46
	4.13


(The values in the parenthesis are arc sine transformed)
Table 3. Influence of bioregulators on wet, dry latex yield (g) and papain proteolytic activity (TU g-1) of TNAU Papaya CO.8

	Treatment
	wet latex yield/ fruit

(g)
	Dry latex yield/ fruit (g)
	wet latex yield/ tree

(g)
	Dry latex yield/ tree (g)
	Ratio of dry and wet latex yield
	Proteolytic activity

(TU g-1)

	G1S1
	22.84
	3.05
	649.35
	86.70
	0.13
	39296.16

	G1S2
	11.57
	0.97
	382.61
	31.94
	0.08
	34916.58

	G1S3
	42.08
	7.39
	1268.04
	222.81
	0.18
	44178.21

	G1S4
	13.49
	2.33
	512.82
	88.67
	0.17
	36813.92

	G2S1
	33.14
	6.34
	1161.97
	222.36
	0.19
	44378.15

	G2S2
	19.13
	4.57
	806.82
	192.87
	0.24
	41693.22

	G2S3
	33.45
	5.17
	1376.07
	212.66
	0.15
	44378.36

	G2S4
	19.89
	2.18
	739.32
	81.10
	0.11
	40112.17

	G3S1
	26.68
	5.36
	881.40
	177.03
	0.20
	39168.37

	G3S2
	24.92
	5.11
	905.62
	185.83
	0.21
	34108.23

	G3S3
	27.87
	6.28
	1170.95
	263.63
	0.23
	39794.04

	G3S4
	25.69
	5.29
	977.24
	201.06
	0.21
	35281.19

	G4S1
	24.87
	5.23
	800.00
	168.25
	0.21
	39452.18

	G4S2
	17.52
	2.16
	607.43
	74.81
	0.12
	36781.08

	G4S3
	26.98
	6.22
	840.10
	193.56
	0.23
	39896.67

	G4S4
	21.91
	3.09
	836.04
	118.05
	0.14
	36917.37

	Absolute control mean
	24.18
	4.34
	673.33
	120.92
	0.18
	38726.26

	SEd
	1.61
	0.31
	25.27
	4.63
	0.01
	785.37

	CD (0.05)
	3.31
	0.64
	51.61
	9.46
	0.02
	1603.96


Figures
Figure 1. Main effects of growth retardants on plant morphological and fruit physical parameters
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Figure 2. Main effects of stress tolerance promoting bioregulators on plant morphological and fruit physical parameters
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Figure 3. Main effects of bioregulators on PRSV disease incidence
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Figure 4. Main effects of bioregulators on proteolytic activity (TU g-1)
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	Factor 1: Growth retardants
	Factor 2:  Bioregulators for Stress tolerance 

	G1 – Control ( water spray); G2–250 ppm of pro hexadione calcium; G3–500 ppm of mepiquat chloride; G4–500 ppm of chlormequat chloride
	S1 – Control (water spray); S2–100 ppm of methyl Jasmonate; S3–100 ppm of salicylic acid; S4–0.6 g/ L of strobilurins


Figure 5. Main effects of bioregulators on wet, dry latex yield (g) and proteolytic activity (TU g-1)
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	a - Main effects of bioregulators on wet latex yield/ fruit

c – Main effects of bioregulators on dry latex yield/ tree
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Figure 6. Influence of bioregulators on wet and dry latex yield (kg acre-1) of TNAU Papaya CO.8
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	Factor 1: Growth retardants
	Factor 2:  Bioregulators for Stress tolerance 

	G1 – Control ( water spray); G2–250 ppm of pro hexadione calcium; G3–500 ppm of mepiquat chloride; G4–500 ppm of chlormequat chloride
	S1 – Control (water spray); S2–100 ppm of methyl Jasmonate; S3–100 ppm of salicylic acid; S4–0.6 g/ L of strobilurins


Conclusion


 Considering the remarkable reduction PRSV disease incidence as compared to control, moderate tree height coupled with a higher number of fruits and higher papain activity which are primary deciding factors in generating farmers income, the treatment combination of 250 ppm of prohexadione calcium with 100 ppm of salicylic acid (G2S3) can be adjudged as favorable treatment for fruit and papain production. The results also show that the treatment of 500 ppm of mepiquat chloride at fourth and eighth month after transplanting followed by a spray of 100 ppm of salicylic acid (G3S3) is favorable to achieve higher yield and effectively reduce PRSV incidence but the proteolytic activity of papain is moderate in this treatment and hence this combination could be effective when papayas are predominantly grown for fruits for table purpose and not necessarily for papain. These two treatment combinations (G2S3 and G3S3) are to be further studied for their effects on post-harvest quality of fruits and as well as on different varieties of papaya to manage PRSV without compromising yield and papain production.
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		G1S4		-44.19		-46.27		-23.84		-26.67		-4.94																														G3		983.80

		G2S1		37.06		46.04		72.57		83.88		14.59																														G4		770.89

		G2S2		-20.86		5.34		19.82		59.50		7.66

		G2S3		38.37		19.07		104.37		75.86		14.60

		G2S4		-17.72		-49.75		9.80		-32.94		3.58

		G3S1		10.36		23.42		30.90		46.39		1.14																										3.7863386867

		G3S2		3.09		17.78		34.50		53.67		-11.92

		G3S3		15.28		44.52		73.91		118.01		2.76

		G3S4		6.27		21.74		45.14		66.27		-8.90

		G4S1		2.88		20.47		18.81		39.13		1.87

		G4S2		-27.53		-50.30		-9.79		-38.13		-5.02

		G4S3		11.61		43.18		24.77		60.06		3.02

		G4S4		-9.40		-28.77		24.17		-2.38		-4.67

										Proteolytic activity

								G1S1		1.47

								G1S2		-9.84

								G1S3		14.08

								G1S4		-4.94

								G2S1		14.59

								G2S2		7.66

								G2S3		14.60

								G2S4		3.58

								G3S1		1.14

								G3S2		-11.92

								G3S3		2.76

								G3S4		-8.90

								G4S1		1.87

								G4S2		-5.02

								G4S3		3.02

								G4S4		-4.67
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						wet latex/fruit										Dry latex/fruit								wet latex/ tree										Dry latex/ tree										Tyrosine

		G1S1		22.84		24.18		-5.55				G1S1		3.05		4.34		-29.78				G1S1		649.35		673.33		-3.56				G1S1		86.70		120.92		-28.30				G1S1		39296.16		38726.26		1.47

		G1S2		11.57		24.18		-52.14				G1S2		0.97		4.34		-77.75				G1S2		382.61		673.33		-43.18				G1S2		31.94		120.92		-73.58				G1S2		34916.58		38726.26		-9.84

		G1S3		42.08		24.18		74.05				G1S3		7.39		4.34		70.29				G1S3		1268.04		673.33		88.32				G1S3		222.81		120.92		84.25				G1S3		44178.21		38726.26		14.08

		G1S4		13.49		24.18		-44.19				G1S4		2.33		4.34		-46.27				G1S4		512.82		673.33		-23.84				G1S4		88.67		120.92		-26.67				G1S4		36813.92		38726.26		-4.94

		G2S1		33.14		24.18		37.06				G2S1		6.34		4.34		46.04				G2S1		1161.97		673.33		72.57				G2S1		222.36		120.92		83.88				G2S1		44378.15		38726.26		14.59

		G2S2		19.13		24.18		-20.86				G2S2		4.57		4.34		5.34				G2S2		806.82		673.33		19.82				G2S2		192.87		120.92		59.50				G2S2		41693.22		38726.26		7.66

		G2S3		33.45		24.18		38.37				G2S3		5.17		4.34		19.07				G2S3		1376.07		673.33		104.37				G2S3		212.66		120.92		75.86				G2S3		44378.36		38726.26		14.60

		G2S4		19.89		24.18		-17.72				G2S4		2.18		4.34		-49.75				G2S4		739.32		673.33		9.80				G2S4		81.10		120.92		-32.94				G2S4		40112.17		38726.26		3.58

		G3S1		26.68		24.18		10.36				G3S1		5.36		4.34		23.42				G3S1		881.40		673.33		30.90				G3S1		177.03		120.92		46.39				G3S1		39168.37		38726.26		1.14

		G3S2		24.92		24.18		3.09				G3S2		5.11		4.34		17.78				G3S2		905.62		673.33		34.50				G3S2		185.83		120.92		53.67				G3S2		34108.23		38726.26		-11.92

		G3S3		27.87		24.18		15.28				G3S3		6.28		4.34		44.52				G3S3		1170.95		673.33		73.91				G3S3		263.63		120.92		118.01				G3S3		39794.04		38726.26		2.76

		G3S4		25.69		24.18		6.27				G3S4		5.29		4.34		21.74				G3S4		977.24		673.33		45.14				G3S4		201.06		120.92		66.27				G3S4		35281.19		38726.26		-8.90

		G4S1		24.87		24.18		2.88				G4S1		5.23		4.34		20.47				G4S1		800.00		673.33		18.81				G4S1		168.25		120.92		39.13				G4S1		39452.18		38726.26		1.87

		G4S2		17.52		24.18		-27.53				G4S2		2.16		4.34		-50.30				G4S2		607.43		673.33		-9.79				G4S2		74.81		120.92		-38.13				G4S2		36781.08		38726.26		-5.02

		G4S3		26.98		24.18		11.61				G4S3		6.22		4.34		43.18				G4S3		840.10		673.33		24.77				G4S3		193.56		120.92		60.06				G4S3		39896.67		38726.26		3.02

		G4S4		21.91		24.18		-9.40				G4S4		3.09		4.34		-28.77				G4S4		836.04		673.33		24.17				G4S4		118.05		120.92		-2.38				G4S4		36917.37		38726.26		-4.67

		Ab control		24.18		24.18		0.00				Ab control		4.34		4.34		0.00				Ab control		673.33		673.33		0.00				Ab control		120.92		120.92		0.00				Ab control		38726.26		38726.26		0.00

		Standard error

																wet latex/ tree		Dry latex/ tree

														G1S1		649.35		86.70

														G1S2		382.61		31.94

														G1S3		1268.04		222.81

														G1S4		512.82		88.67

														G2S1		1161.97		222.36

														G2S2		806.82		192.87

														G2S3		1376.07		212.66

														G2S4		739.32		81.10

														G3S1		881.40		177.03

														G3S2		905.62		185.83

														G3S3		1170.95		263.63

														G3S4		977.24		201.06

														G4S1		800.00		168.25

														G4S2		607.43		74.81

														G4S3		840.10		193.56

														G4S4		836.04		118.05

														Ab control		673.33		120.92
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				Wet latex/ fruit								Dry latex/ fruit

						SE								SE						Proteolytic activity

																		G1S1		39296.16

		G1S1		22.84		0.53				G1S1		3.049		0.01				G1S2		34916.58

		G1S2		11.57		0.05				G1S2		0.966		0.17				G1S3		44178.21

		G1S3		42.08		0.18				G1S3		7.394		0.00				G1S4		36813.92

		G1S4		13.49		0.22				G1S4		2.333		0.04				G2S1		44378.15

		G2S1		33.14		0.12				G2S1		6.341		0.01				G2S2		41693.22

		G2S2		19.13		0.21				G2S2		4.574		0.07				G2S3		44378.36

		G2S3		33.45		0.56				G2S3		5.17		0.04				G2S4		40112.17

		G2S4		19.89		0.48				G2S4		2.182		0.05				G3S1		39168.37

		G3S1		26.68		0.18				G3S1		5.359		0.02				G3S2		34108.23

		G3S2		24.92		0.23				G3S2		5.114		0.08				G3S3		39794.04

		G3S3		27.87		0.64				G3S3		6.275		0.03				G3S4		35281.19

		G3S4		25.69		0.55				G3S4		5.286		0.05				G4S1		39452.18

		G4S1		24.87		0.10				G4S1		5.231		0.05				G4S2		36781.08

		G4S2		17.52		0.19				G4S2		2.158		0.05				G4S3		39896.67

		G4S3		26.98		0.14				G4S3		6.217		0.06				G4S4		36917.37

		G4S4		21.91		0.32				G4S4		3.093		0.07				Ab control		38726.26

		Ab control		24.18		0.09				Ab control		4.342		0.04
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		wet latex yield/fruit				Dry latex/ fruit				wet latex/ tree				Dry latex/ tree				Proteolytic

		23.60				3.07				678.84				88.21				39681.26

		21.82				2.98				609.25				83.22				37755.75						FRBD

		23.09				3.10				660.79				88.73				40451.47						G-4

		11.68				0.96				387.88				32.01				34645.98						S-4

		11.54				0.96				388.70				32.28				35998.99						Replication - 3

		11.49				0.98				371.32				31.52				34104.77

		41.83				7.72				1289.68				238.01				44377.01

		42.42				7.15				1297.03				218.63				44774.62

		42.00				7.31				1217.49				211.99				43383.00

		13.92				2.33				546.21				91.31				37890.73

		13.17				2.34				478.91				85.10				37172.86

		13.39				2.33				514.37				89.59				35378.18

		33.19				6.32				1160.05				220.94				43989.84

		32.90				6.42				1151.07				224.49				43213.22

		33.31				6.28				1174.84				221.63				45931.39

		18.73				4.56				781.17				190.17				41912.11

		19.44				4.57				820.16				192.83				41766.18

		19.23				4.59				819.36				195.62				41401.37

		34.26				5.13				1397.16				209.41				44689.01

		33.72				5.31				1411.62				222.37				44145.37

		32.38				5.06				1319.76				206.35				44300.70

		20.58				2.20				779.67				83.46				40242.53

		18.98				2.10				697.93				77.20				39590.71

		20.12				2.24				741.13				82.66				40503.26

		26.42				5.33				890.89				179.88				38962.74

		26.60				5.29				854.85				169.93				39990.91

		27.03				5.46				898.42				181.34				38551.47

		24.47				5.15				871.83				183.63				35711.32

		25.04				5.10				939.12				191.45				33707.46

		25.26				5.08				906.21				182.37				32905.91

		26.94				6.16				1133.05				259.14				38791.23

		27.56				6.42				1158.08				269.96				41131.12

		29.11				6.24				1221.65				261.81				39459.77

		26.48				5.25				993.99				196.92				36022.09

		25.96				5.34				952.91				196.01				34293.32

		24.64				5.27				982.14				210.18				35528.16

		24.72				5.30				788.64				168.99				39136.56

		25.07				5.14				815.94				167.34				39531.08

		24.82				5.25				795.54				168.36				39688.89

		17.62				2.14				605.81				73.46				36431.66

		17.80				2.25				613.03				77.36				38178.76

		17.15				2.09				603.17				73.57				35732.82

		26.71				6.14				831.45				191.18				40335.53

		27.05				6.32				836.00				195.20				39786.95

		27.19				6.19				852.89				194.26				39567.52

		22.52				3.20				867.89				123.50				36788.16

		21.75				3.01				834.84				115.51				36529.74

		21.44				3.07				805.86				115.18				37434.21





						FL		FC		wet latex/ fruit		Dry latex/ fruit		wet latex/ tree		Dry latex/ tree		Tyrosine

				G1S1		23.92		37.96		22.84		3.05		649.35		86.70		39296.16

				G1S2		24.71		38.68		11.57		0.97		382.61		31.94		34916.58						FL		FC		wet latex/ fruit		Dry latex/ fruit		wet latex/ tree		Dry latex/ tree		Tyrosine

				G1S3		25.34		39.41		42.08		7.39		1268.04		222.81		44178.21				FL		1

				G1S4		22.15		36.13		13.49		2.33		512.82		88.67		36813.92				FC		0.6803229168		1

				G2S1		27.16		40.39		33.14		6.34		1161.97		222.36		44378.15				wet latex/ fruit		0.4029110211		0.1989861589		1

				G2S2		24.98		38.06		19.13		4.57		806.82		192.87		41693.22				Dry latex/ fruit		0.3624128426		0.1829266325		0.8743664398		1

				G2S3		26.64		40.07		33.45		5.17		1376.07		212.66		44378.36				wet latex/ tree		0.4034981109		0.179807349		0.8983186849		0.8184993145		1

				G2S4		25.97		40.74		19.89		2.18		739.32		81.10		40112.17				Dry latex/ tree		0.3282242958		0.1343638139		0.7792990091		0.9406056241		0.8762926853		1

				G3S1		27.34		41.87		26.68		5.36		881.40		177.03		39168.37				Tyrosine		0.3617638597		-0.0186066791		0.6911050497		0.5481345085		0.6642027325		0.517474812		1

				G3S2		24.34		41.44		24.92		5.11		905.62		185.83		34108.23

				G3S3		25.40		39.13		27.87		6.28		1170.95		263.63		39794.04

				G3S4		25.42		38.94		25.69		5.29		977.24		201.06		35281.19

				G4S1		26.70		37.56		24.87		5.23		800.00		168.25		39452.18

				G4S2		26.86		41.33		17.52		2.16		607.43		74.81		36781.08

				G4S3		27.51		46.05		26.98		6.22		840.10		193.56		39896.67

				G4S4		26.68		44.25		21.91		3.09		836.04		118.05		36917.37

				Ab control		24.78		38.53		24.18		4.34		673.33		120.92		38726.26

						SUMMARY OUTPUT

						Regression Statistics

						Multiple R		0.4029110211

						R Square		0.1623372909

						Adjusted R Square		0.1064931103

						Standard Error		7.0281763909

						Observations		17

						ANOVA

								df		SS		MS		F		Significance F

						Regression		1		143.5904897363		143.5904897363		2.9069688044		0.1088146293

						Residual		15		740.9289507343		49.3952633823

						Total		16		884.5194404706

								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

						Intercept		-29.3629965554		31.6279853835		-0.9283865602		0.367906352		-96.7764513155		38.0504582048		-96.7764513155		38.0504582048

						X Variable 1		2.0999922455		1.231678911		1.7049835203		0.1088146293		-0.5252691974		4.7252536884		-0.5252691974		4.7252536884





				Wet latex / tree								Wet latex/acre												Dry latex/ tree								Dry latex/ acre

																																										Dry Kg/ acre				Wet Kg/ acre										Dry Kg/ acre												Wet latex yield/ acre		Dry latex yield/ acre

		800		678.839816235		609.24583792		660.79196847				543071.852988		487396.670336		528633.574776		519700.7		519.70		800		88.210960488		83.221211008		88.728387984				70568.7683904		66576.9688064		70982.7103872		69376.1		69.3761491947		69.38				519.70		513.56		544.28		501.26				69.38		70.21		68.27		69.65				G1S1		519.7006993667		69.3761491947

		800		387.8802242123		388.6987762783		371.3239687868				310304.1793698		310959.02102265		297059.1750294		306107.5		306.11		800		32.0129435588		32.2796030288		31.52259894				25610.354847		25823.682423		25218.079152		25550.7				25.55				306.11		293.25		315.75		309.32				25.55		25.32		26.47		24.86				G1S2		306.1074584739		25.550705474

		800		1289.677657905		1297.02563172		1217.48833362				1031742.126324		1037620.505376		973990.666896		1014451.1		1014.45		800		238.00642722		218.629063845		211.99418734				190405.141776		174903.251076		169595.349872		178301.2				178.30				1014.45		1049.45		967.79		1026.12				178.30		171.17		180.08		183.65				G1S3		1014.451099532		178.3012475747

		800		546.206300988		478.909963488		514.367624496				436965.0407904		383127.9707904		411494.0995968		410529.0		410.53		800		91.3071870441		85.096403634		89.5864502321				73045.7496353		68077.1229072		71669.1601857		70930.7				70.93				410.53		409.91		408.68		412.99				70.93		70.24		68.86		73.70				G1S4		410.5290370592		70.9306775761

		800		1160.04689563		1151.06585916		1174.84243028				928037.516504		920852.687328		939873.944224		929588.0		929.59		800		220.9372912075		224.48592089		221.63424637				176749.832966		179588.736712		177307.397096		177882.0				177.88				929.59		886.83		961.66		940.28				177.88		179.31		182.15		172.19				G2S1		929.588049352		177.8819889247

		800		781.169620572		820.1624954198		819.3588674198				624935.6964576		656129.9963358		655487.0939358		645517.6		645.52		800		190.172713156		192.827492487		195.624921156				152138.1705248		154261.9939896		156499.9369248		154300.0				154.30				645.52		668.27		615.18		653.10				154.30		146.74		159.97		156.19				G2S2		645.5175955764		154.3000338131

		800		1397.158939136		1411.621237152		1319.764113756				1117727.1513088		1129296.9897216		1055811.2910048		1100945.1		1100.95		800		209.4075145422		222.372957675		206.3537958797				167526.01163375		177898.36614		165083.03670375		170169.1				170.17				1100.95		1102.60		1105.90		1094.34				170.17		171.19		170.51		168.81				G2S3		1100.9451440117		170.1691381592

		800		779.669645312		697.934929104		741.128000172				623735.7162496		558347.9432832		592902.4001376		591662.0		591.66		800		83.456996352		77.200111352		82.662383958				66765.5970816		61760.0890816		66129.9071664		64885.2				64.89				591.66		578.65		594.92		601.42				64.89		66.98		62.10		65.58				G2S4		591.6620198901		64.8851977765

		800		890.8853496964		854.8521975405		898.4192341905				712708.2797571		683881.7580324		718735.3873524		705108.5		705.11		800		179.8803018499		169.9289034505		181.3354652835				143904.2414799		135943.1227604		145068.3722268		141638.6				141.64				705.11		707.75		713.04		694.53				141.64		146.60		140.40		137.92				G3S1		705.1084750473		141.6385788224

		800		871.826578092		939.118678092		906.208404898				697461.2624736		751294.9424736		724966.7239184		724574.3		724.57		800		183.628275264		191.452695264		182.369044816				146902.6202112		153162.1562112		145895.2358528		148653.3				148.65				724.57		725.30		726.75		721.68				148.65		150.66		145.98		149.32				G3S2		724.5743096219		148.6533374251

		800		1133.0474403457		1158.0808514717		1221.6471079598				906437.952276528		926464.681177392		977317.686367872		936740.1		936.74		800		259.1364572895		269.956784538		261.805628563				207309.1658316		215965.4276304		209444.5028504		210906.4				210.91				936.74		953.60		932.52		924.09				210.91		210.06		214.28		208.38				G3S3		936.7401066073		210.9063654375

		800		993.9897175005		952.9114852305		982.144989336				795191.7740004		762329.1881844		785715.9914688		781079.0		781.08		800		196.9193117475		196.00823661		210.18375567				157535.449398		156806.589288		168147.004536		160829.7				160.83				781.08		759.44		797.31		786.49				160.83		160.93		160.41		161.14				G3S4		781.0789845512		160.829681074

		800		788.638560276		815.942647296		795.535644192				630910.8482208		652754.1178368		636428.5153536		640031.2		640.03		800		168.9858830845		167.343623712		168.355571124				135188.7064676		133874.8989696		134684.4568992		134582.7				134.58				640.03		641.47		640.51		638.11				134.58		136.10		132.56		135.09				G4S1		640.0311604704		134.5826874455

		800		605.8079422181		613.0267087822		603.1740881822				484646.35377452		490421.36702576		482539.27054576		485869.0		485.87		800		73.4550662755		77.359716408		73.5693064795				58764.0530204		61887.7731264		58855.4451836		59835.8				59.84				485.87		491.58		463.03		503.00				59.84		59.84		59.84		59.84				G4S2		485.8689971153		59.8357571101

		800		831.45151584		835.99831984		852.89111336				665161.212672		668798.655872		682312.890688		672090.9		672.09		800		191.175933104		195.204250688		194.259565104				152940.7464832		156163.4005504		155407.6520832		154837.3				154.84				672.09		671.08		673.44		671.75				154.84		153.87		158.71		151.93				G4S3		672.090919744		154.8372663723

		800		867.89060111		834.8397785325		805.86002211				694312.480888		667871.822826		644688.017688		668957.4		668.96		800		123.500378442		115.5056925645		115.182695214				98800.3027536		92404.5540516		92146.1561712		94450.3				94.45				668.96		671.30		675.98		659.59				94.45		94.90		92.66		95.80				G4S4		668.9574404673		94.4503376588

		800		685.6109497098		682.5686915473		651.9109580282				548488.759767869		546054.953237841		521528.766422523		538690.8		538.69		800		126.3990359912		117.7147205842		118.6670025967				101119.228792926		94171.776467366		94933.602077366		96741.5				96.74				538.69										96.74										Absolute control		538.6908264761		96.7415357792

				wet latex yield/tree						TU Activity/g								TU activity/ g/ tree										TU activity/ kg/ tree

		R1		R2		R3				R1		R2		R3				R1		R2		R3		Mean				R1		R2		R3		Mean

		678.839816235		609.24583792		660.79196847				39681.262368		37755.750528		40451.467104				26937220.9		23002533.9		26730004.6		25556586.4				26937.22		23002.53		26730.00		25556.59						25556.59		13365.06		56041.39		18898.66		28465.42				519.70		306.11		1014.45		410.53		562.70				69.38		25.55		178.30		70.93		86.04

		387.8802242123		388.6987762783		371.3239687868				34645.976505		35998.99398		34104.769515				13438489.1		13992764.9		12663918.4		13365057.5				13438.49		13992.76		12663.92		13365.06						51577.90		33639.37		61073.56		29675.24		43991.51				929.59		645.52		1100.95		591.66		816.93				177.88		154.30		170.17		64.89		141.81

		1289.677657905		1297.02563172		1217.48833362				44377.011945		44774.615835		43383.00222				57232040.8		58073824.4		52818299.1		56041388.1				57232.04		58073.82		52818.30		56041.39						34511.01		30869.67		46597.13		34459.30		36609.27				705.11		724.57		936.74		781.08		786.88				141.64		148.65		210.91		160.83		165.51

		546.206300988		478.909963488		514.367624496				37890.72716		37172.85572		35378.17712				20696153.9		17802451.0		18197388.9		18898664.6				20696.15		17802.45		18197.39		18898.66						31564.54		22342.77		33515.22		30863.77		29571.57				640.03		485.87		672.09		668.96		616.74				134.58		59.84		154.84		94.45		110.93

		1160.04689563		1151.06585916		1174.84243028				43989.8411875		43213.2235625		45931.38525				51030278.7		49741266.3		53962140.3		51577895.1				51030.28		49741.27		53962.14		51577.90						35802.51		25054.21		49306.82		28474.24						698.61		540.52		931.06		613.06						130.87		97.08		178.55		97.77

		781.169620572		820.1624954198		819.3588674198				41912.109405		41766.183135		41401.36746				32740466.6		34255057.0		33922577.6		33639367.0				32740.47		34255.06		33922.58		33639.37																																						96.74

		1397.158939136		1411.621237152		1319.764113756				44689.00852		44145.37361		44300.69787				62437647.7		62316546.9		58466471.3		61073555.3				62437.65		62316.55		58466.47		61073.56

		779.669645312		697.934929104		741.128000172				40242.5345525		39590.71179		40503.2636575				31375882.6		27631740.6		30018102.8		29675242.0				31375.88		27631.74		30018.10		29675.24

		890.8853496964		854.8521975405		898.4192341905				38962.7360575		39990.90577		38551.4681725				34711330.7		34186313.7		34635380.5		34511008.3				34711.33		34186.31		34635.38		34511.01

		871.826578092		939.118678092		906.208404898				35711.31681		33707.4582975		32905.9148925				31134075.1		31655303.7		29819616.6		30869665.2				31134.08		31655.30		29819.62		30869.67

		1133.0474403457		1158.0808514717		1221.6471079598				38791.230192		41131.119744		39459.770064				43952304.1		47633162.2		48205914.0		46597126.7				43952.30		47633.16		48205.91		46597.13

		993.9897175005		952.9114852305		982.144989336				36022.09499		34293.31668		35528.15833				35805592.0		32678495.3		34893802.7		34459296.7				35805.59		32678.50		34893.80		34459.30

		788.638560276		815.942647296		795.535644192				39136.56256		39531.08436		39688.89308				30864602.4		32255097.6		31573929.1		31564543.0				30864.60		32255.10		31573.93		31564.54

		605.8079422181		613.0267087822		603.1740881822				36431.65974		38178.76104		35732.81922				22070588.8		23404600.2		21553110.7		22342766.6				22070.59		23404.60		21553.11		22342.77

		831.45151584		835.99831984		852.89111336				40335.53337		39786.9541575		39567.5224725				33537040.4		33261826.8		33746788.3		33515218.5				33537.04		33261.83		33746.79		33515.22

		867.89060111		834.8397785325		805.86002211				36788.159205		36529.737615		37434.21318				31928097.6		30496478.1		30166735.9		30863770.5				31928.10		30496.48		30166.74		30863.77

		685.6109497098		682.5686915473		651.9109580282				39036.07008		38648.80748		38493.90244				26763557.1		26380466.0		25094596.8		26079539.9				26763.56		26380.47		25094.60		26079.54

		Dry latex/ tree								TU Activity/g								TU activity/ g/ tree										TU activity/ kg/ tree

		R1		R2		R3				R1		R2		R3				R1		R2		R3		Mean				R1		R2		R3		Mean

		88.210960488		83.221211008		88.728387984				39681.262368		37755.750528		40451.467104				3500322.26685761		3142079.2814561		3589193.46772572		3410531.67201314				3500.3222668576		3142.0792814561		3589.1934677257		3410.53				3410.53		1115.41		9849.33		3264.13		4409.85

		32.0129435588		32.2796030288		31.52259894				34645.976505		35998.99398		34104.769515				1109119.69039234		1162033.23510876		1075070.97136248		1115407.9656212				1109.1196903923		1162.0332351088		1075.0709713625		1115.41				9866.57		8041.12		9438.86		3254.34		7650.22

		238.00642722		218.629063845		211.99418734				44377.011945		44774.615835		43383.00222				10562014.0637287		9789032.34402557		9196944.29999832		9849330.23591753				10562.0140637287		9789.0323440256		9196.9442999983		9849.33				6931.66		6337.34		10495.55		7094.22		7714.69

		91.3071870441		85.096403634		89.5864502321				37890.72716		37172.85572		35378.17712				3459695.71203603		3163276.33457757		3169405.30386418		3264125.78349259				3459.695712036		3163.2763345776		3169.4053038642		3264.13				6636.88		2752.81		7721.38		4358.17		5367.31

		220.9372912075		224.48592089		221.63424637				43989.8411875		43213.2235625		45931.38525				9718996.35261437		9700760.28605326		10179967.9546139		9866574.86442717				9718.9963526144		9700.7602860533		10179.9679546139		9866.57				6711.41		4561.67		9376.28		4492.72

		190.172713156		192.827492487		195.624921156				41912.109405		41766.183135		41401.36746				7970539.55963995		8053668.36467488		8099139.24511308		8041115.72314264				7970.53955964		8053.6683646749		8099.1392451131		8041.12

		209.4075145422		222.372957675		206.3537958797				44689.00852		44145.37361		44300.69787				9358214.20152784		9816737.29732359		9141617.16559369		9438856.22148171				9358.2142015278		9816.7372973236		9141.6171655937		9438.86

		83.456996352		77.200111352		82.662383958				40242.5345525		39590.71179		40503.2636575				3358521.05934323		3056407.35869294		3348096.33200837		3254341.58334818				3358.5210593432		3056.4073586929		3348.0963320084		3254.34

		179.8803018499		169.9289034505		181.3354652835				38962.7360575		39990.90577		38551.4681725				7008628.72292011		6795610.76548837		6990748.41842233		6931662.63561027				7008.6287229201		6795.6107654884		6990.7484184223		6931.66

		183.628275264		191.452695264		182.369044816				35711.31681		33707.4582975		32905.9148925				6557607.51322659		6453383.74155526		6001020.26774181		6337337.17417455				6557.6075132266		6453.3837415553		6001.0202677418		6337.34

		259.1364572895		269.956784538		261.805628563				38791.230192		41131.119744		39459.770064				10052221.9658564		11103624.8305377		10330789.904557		10495545.5669837				10052.2219658564		11103.6248305377		10330.789904557		10495.55

		196.9193117475		196.00823661		210.18375567				36022.09499		34293.31668		35528.15833				7093446.15313387		6721772.5299551		7467441.74983779		7094220.14430892				7093.4461531339		6721.7725299551		7467.4417498378		7094.22

		168.9858830845		167.343623712		168.355571124				39136.56256		39531.08436		39688.89308				6613526.58509338		6615274.90606717		6681846.26176277		6636882.58430777				6613.5265850934		6615.2749060672		6681.8462617628		6636.88

		73.4550662755		77.359716408		73.5693064795				36431.65974		38178.76104		35732.81922				2676089.98072816		2953498.1268632		2628838.72857275		2752808.94538804				2676.0899807282		2953.4981268632		2628.8387285727		2752.81

		191.175933104		195.204250688		194.259565104				40335.53337		39786.9541575		39567.5224725				7711183.22925728		7766582.57347259		7686369.7077506		7721378.50349349				7711.1832292573		7766.5825734726		7686.3697077506		7721.38

		123.500378442		115.5056925645		115.182695214				36788.159205		36529.737615		37434.21318				4543351.58400205		4219392.64242004		4311773.56728784		4358172.59790331				4543.3515840021		4219.39264242		4311.7735672878		4358.17

		126.3990359912		117.7147205842		118.6670025967				39036.07008		38648.80748		38493.90244				4934121.62699529		4549533.57342103		4567956.02080488		4683870.40707374				4934.1216269953		4549.533573421		4567.9560208049		4683.87





		



Wet latex yield/ acre

Dry latex yield/ acre

Wet and Dry latex yield/ acre
(kg acre-1)



																																						Ratio																						Single line

				wet/ acre		Dry/ acre		TU/ wet		TU/ Dry										wet latex yield/tree								Dry Latex yield/tree																																0.13

				513.56		70.21		26937.22		3500.322267								R1		R2		R3		Mean				R1		R2		R3		Mean				R1		R2		R3		Mean				Ratio												0.14				First Fruiting height		Fruit column length		number of fruits		FL		FC		wet latex yield/ tree		Dry latex yield/ tree		Tyrosine

				544.28		68.27		23002.53		3142.079281								678.84		609.25		660.79		649.35				88.21		83.22		88.73		86.70				0.13		0.14		0.13		0.13				0.13		0.08		0.18		0.17		0.14				0.13		G1S1		97.43		68.85		28.44		23.92		37.96		649.35		86.70		39296.16

				501.26		69.65		26730		3589.193468								387.88		388.70		371.32		382.61				32.01		32.28		31.52		31.94				0.08		0.08		0.08		0.08				0.19		0.24		0.15		0.11		0.17				0.08		G1S2		100.21		68.16		33.07		24.71		38.68		382.61		31.94		34916.58

				293.25		25.32		13438.49		1109.11969								1289.68		1297.03		1217.49		1268.04				238.01		218.63		211.99		222.81				0.18		0.17		0.17		0.18				0.20		0.21		0.23		0.21		0.21				0.08		G1S3		98.24		71.24		30.13		25.34		39.41		1268.04		222.81		44178.21

				315.75		26.47		13992.76		1162.033235								546.21		478.91		514.37		512.82				91.31		85.10		89.59		88.67				0.17		0.18		0.17		0.17				0.21		0.12		0.23		0.14		0.18				0.08		G1S4		99.68		66.62		38.01		22.15		36.13		512.82		88.67		36813.92

				309.32		24.86		12663.92		1075.070971								1160.05		1151.07		1174.84		1161.97				220.94		224.49		221.63		222.36				0.19		0.20		0.19		0.19				0.18		0.16		0.20		0.16		0.18				0.18		G2S1		68.43		70.36		35.07		27.16		40.39		1161.97		222.36		44378.15

				1049.45		171.17		57232.04		10562.01406								781.17		820.16		819.36		806.82				190.17		192.83		195.62		192.87				0.24		0.24		0.24		0.24																0.17		G2S2		69.66		75.85		42.17		24.98		38.06		806.82		192.87		41693.22

				967.79		180.08		58073.82		9789.032344								1397.16		1411.62		1319.76		1376.07				209.41		222.37		206.35		212.66				0.15		0.16		0.16		0.15																0.17		G2S3		69.05		77.92		41.13		26.64		40.07		1376.07		212.66		44378.36

				1026.12		183.65		52818.3		9196.9443								779.67		697.93		741.13		739.32				83.46		77.20		82.66		81.10				0.11		0.11		0.11		0.11																0.17		G2S4		70.63		79.97		37.17		25.97		40.74		739.32		81.10		40112.17

				409.91		70.24		20696.15		3459.695712								890.89		854.85		898.42		881.40				179.88		169.93		181.34		177.03				0.20		0.20		0.20		0.20																0.18		G3S1		81.9		64.44		33.03		27.34		41.87		881.40		177.03		39168.37

				408.68		68.86		17802.45		3163.276335								871.83		939.12		906.21		905.62				183.63		191.45		182.37		185.83				0.21		0.20		0.20		0.21																0.17		G3S2		88.04		61.21		36.34		24.34		41.44		905.62		185.83		34108.23								-0.73		1

				412.99		73.7		18197.39		3169.405304								1133.05		1158.08		1221.65		1170.95				259.14		269.96		261.81		263.63				0.23		0.23		0.21		0.23																0.19		G3S3		82.6		69.97		42.01		25.40		39.13		1170.95		263.63		39794.04								-0.43		0.30		1

				886.83		179.31		51030.28		9718.996353								993.99		952.91		982.14		977.24				196.92		196.01		210.18		201.06				0.20		0.21		0.21		0.21																0.2		G3S4		81.33		69.96		38.04		25.42		38.94		977.24		201.06		35281.19								-0.76		0.47		-0.05		1

				961.66		182.15		49741.27		9700.760286								788.64		815.94		795.54		800.00				168.99		167.34		168.36		168.25				0.21		0.21		0.21		0.21																0.19		G4S1		69.98		75.58		32.16		26.70		37.56		800.00		168.25		39452.18								-0.51		0.20		-0.07		0.68		1

				940.28		172.19		53962.14		10179.96795								605.81		613.03		603.17		607.43				73.46		77.36		73.57		74.81				0.12		0.13		0.12		0.12																0.24		G4S2		70.02		77.69		34.67		26.86		41.33		607.43		74.81		36781.08								-0.34		0.17		0.30		0.40		0.18		1

				668.27		146.74		32740.47		7970.53956								831.45		836.00		852.89		840.10				191.18		195.20		194.26		193.56				0.23		0.23		0.23		0.23																0.24		G4S3		68.17		74.59		31.13		27.51		46.05		840.10		193.56		39896.67								-0.31		-0.01		0.31		0.33		0.13		0.88		1

				615.18		159.97		34255.06		8053.668365								867.89		834.84		805.86		836.04				123.50		115.51		115.18		118.05				0.14		0.14		0.14		0.14																0.24		G4S4		69.79		73.90		38.17		26.68		44.25		836.04		118.05		36917.37								-0.31		0.41		0.03		0.36		-0.02		0.66		0.52		1

				653.1		156.19		33922.58		8099.139245								685.61		682.57		651.91		673.33				126.40		117.71		118.67		120.92				0.18		0.17		0.18		0.18																0.15		Ab control		102.71		62.03		30.14		24.78		38.53		673.33		120.92		38726.26

				1102.6		171.19		62437.65		9358.214202																																																		0.16

				1105.9		170.51		62316.55		9816.737297																																																		0.16																												97.4		68.8		28.4		23.9		38.0		649.4		86.7		39296.2

				1094.34		168.81		58466.47		9141.617166																																																		0.11						First Fruiting height		Fruit column length		number of fruits		FL		FC		wet latex yield/ tree		Dry latex yield/ tree		Tyrosine								100.2		68.2		33.1		24.7		38.7		382.6		31.9		34916.6

				578.65		66.98		31375.88		3358.521059																																																		0.11				First Fruiting height		1																						98.2		71.2		30.1		25.3		39.4		1268.0		222.8		44178.2

				594.92		62.1		27631.74		3056.407359																																																		0.11				Fruit column length		-0.72737856		1																				99.7		66.6		38.0		22.2		36.1		512.8		88.7		36813.9

				601.42		65.58		30018.1		3348.096332																																																		0.2				number of fruits		-0.4269191307		0.3018275892		1																		68.4		70.4		35.1		27.2		40.4		1162.0		222.4		44378.2

				707.75		146.6		34711.33		7008.628723																																																		0.2				FL		-0.755165659		0.472037956		-0.0450727339		1																69.7		75.9		42.2		25.0		38.1		806.8		192.9		41693.2

				713.04		140.4		34186.31		6795.610765																																																		0.2				FC		-0.5056686652		0.1956599051		-0.0723321057		0.6803229168		1														69.1		77.9		41.1		26.6		40.1		1376.1		212.7		44378.4

				694.53		137.92		34635.38		6990.748418																																																		0.21				wet latex yield/ tree		-0.3373301454		0.1682445455		0.3026918266		0.4034981109		0.179807349		1												70.6		80.0		37.2		26.0		40.7		739.3		81.1		40112.2

				725.3		150.66		31134.08		6557.607513																																																		0.2				Dry latex yield/ tree		-0.3127424587		-0.0112511803		0.3133431444		0.3282242958		0.1343638139		0.8762926853		1										81.9		64.4		33.0		27.3		41.9		881.4		177.0		39168.4

				726.75		145.98		31655.3		6453.383742																																																		0.2				Tyrosine		-0.3068269311		0.4061357867		0.0291900787		0.3617638597		-0.0186066791		0.6642027325		0.517474812		1								88.0		61.2		36.3		24.3		41.4		905.6		185.8		34108.2

				721.68		149.32		29819.62		6001.020268																																																		0.23																												82.6		70.0		42.0		25.4		39.1		1171.0		263.6		39794.0

				953.6		210.06		43952.3		10052.22197																																																		0.23																												81.3		70.0		38.0		25.4		38.9		977.2		201.1		35281.2

				932.52		214.28		47633.16		11103.62483																																																		0.21				Correlations																								70.0		75.6		32.2		26.7		37.6		800.0		168.2		39452.2

				924.09		208.38		48205.91		10330.7899																																																		0.2								FFH		FCL		NF		FL		FC		WLT		DLT		TU						70.0		77.7		34.7		26.9		41.3		607.4		74.8		36781.1

				759.44		160.93		35805.59		7093.446153																																																		0.21				FFH		Pearson Correlation		1																				68.2		74.6		31.1		27.5		46.1		840.1		193.6		39896.7

				797.31		160.41		32678.5		6721.77253																																																		0.21																												69.8		73.9		38.2		26.7		44.2		836.0		118.0		36917.4

				786.49		161.14		34893.8		7467.44175																																																		0.21																												102.7		62.0		30.1		24.8		38.5		673.3		120.9		38726.3

				641.47		136.1		30864.6		6613.526585																																																		0.21				FCL		Pearson Correlation		-.728**		1

				640.51		132.56		32255.1		6615.274906																																																		0.21

				638.11		135.09		31573.93		6681.846262																																																		0.12

				491.58		59.84		22070.59		2676.089981																																																		0.13				NF		Pearson Correlation		-.429		.308		1

				463.03		59.84		23404.6		2953.498127																																																		0.12

				503		59.84		21553.11		2628.838729																																																		0.23

				671.08		153.87		33537.04		7711.183229																																																		0.23				FL		Pearson Correlation		-.761**		.479		-.038		1

				673.44		158.71		33261.83		7766.582573																																																		0.23

				671.75		151.93		33746.79		7686.369708																																																		0.14

				671.3		94.9		31928.1		4543.351584																																																		0.14				FC		Pearson Correlation		-.509*		.198		-.077		.683**		1

				675.98		92.66		30496.48		4219.392642																																																		0.14

				659.59		95.8		30166.74		4311.773567

																																																																WLT		Pearson Correlation		-.338		.168		.300		.395		.180		1

																																																																DLT		Pearson Correlation		-.313		-.011		.310		.321		.136		.876**		1

																																																																TU		Pearson Correlation		-.307		.405		.029		.361		-.013		.664**		.518*		1

																																																																**. Correlation is significant at the 0.01 level (2-tailed).

																																																																*. Correlation is significant at the 0.05 level (2-tailed).





		

						First Fruiting height		Fruit column length		number of fruits		FL		FC		wet latex yield/ tree		Dry latex yield/ tree		Tyrosine

				G1S1		97.43		68.85		28.44		23.92		37.96		649.35		86.70		39296.16				First Fruiting height				Fruit column length				number of fruits				FL				FC				wet latex yield/ tree				Dry latex yield/ tree				Tyrosine

				G1S2		100.21		68.16		33.07		24.71		38.68		382.61		31.94		34916.58

				G1S3		98.24		71.24		30.13		25.34		39.41		1268.04		222.81		44178.21				Mean		81.6394117647		Mean		71.0775163399		Mean		35.3450980392		Mean		25.6414375817		Mean		40.0331327451		Mean		858.1833082353		Mean		155.4259007843		Mean		39170.1270588235

				G1S4		99.68		66.62		38.01		22.15		36.13		512.82		88.67		36813.92				Standard Error		3.2492968097		Standard Error		1.3456842091		Standard Error		1.0361334656		Standard Error		0.3459877283		Standard Error		0.5992110493		Standard Error		65.0321331065		Standard Error		15.989012613		Standard Error		774.0425536618

				G2S1		68.43		70.36		35.07		27.16		40.39		1161.97		222.36		44378.15				Median		81.33		Median		70.3555555556		Median		35.0666666667		Median		25.4155555556		Median		39.4140388889		Median		836.0408333333		Median		177.0256333333		Median		39296.16

				G2S2		69.66		75.85		42.17		24.98		38.06		806.82		192.87		41693.22				Mode				Mode				Mode				Mode				Mode				Mode				Mode				Mode

				G2S3		69.05		77.92		41.13		26.64		40.07		1376.07		212.66		44378.36				Standard Deviation		13.3971939555		Standard Deviation		5.5483981329		Standard Deviation		4.2720877211		Standard Deviation		1.4265439491		Standard Deviation		2.4706104482		Standard Deviation		268.1343538574		Standard Deviation		65.9243878527		Standard Deviation		3191.4592074704

				G2S4		70.63		79.97		37.17		25.97		40.74		739.32		81.10		40112.17				Sample Variance		179.4848058824		Sample Variance		30.784721841		Sample Variance		18.2507334967		Sample Variance		2.0350276388		Sample Variance		6.1039159866		Sample Variance		71896.0317185404		Sample Variance		4346.0249137561		Sample Variance		10185411.8729477

				G3S1		81.9		64.44		33.03		27.34		41.87		881.40		177.03		39168.37				Kurtosis		-1.5596382784		Kurtosis		-0.7635475892		Kurtosis		-1.01442394		Kurtosis		0.5885107584		Kurtosis		1.1325970611		Kurtosis		-0.2908040483		Kurtosis		-1.0109012254		Kurtosis		-0.6337223866

				G3S2		88.04		61.21		36.34		24.34		41.44		905.62		185.83		34108.23				Skewness		0.4651577081		Skewness		-0.225842694		Skewness		0.1198844858		Skewness		-0.7682613925		Skewness		0.965365164		Skewness		0.3168140477		Skewness		-0.3039165017		Skewness		0.26580777

				G3S3		82.6		69.97		42.01		25.40		39.13		1170.95		263.63		39794.04				Range		34.54		Range		18.7611111111		Range		13.73		Range		5.3610405556		Range		9.9173066667		Range		993.4601333333		Range		231.6912666667		Range		10270.13

				G3S4		81.33		69.96		38.04		25.42		38.94		977.24		201.06		35281.19				Minimum		68.17		Minimum		61.2055555556		Minimum		28.4366666667		Minimum		22.1511111111		Minimum		36.1349155556		Minimum		382.6144		Minimum		31.9424		Minimum		34108.23

				G4S1		69.98		75.58		32.16		26.70		37.56		800.00		168.25		39452.18				Maximum		102.71		Maximum		79.9666666667		Maximum		42.1666666667		Maximum		27.5121516667		Maximum		46.0522222222		Maximum		1376.0745333333		Maximum		263.6336666667		Maximum		44378.36

				G4S2		70.02		77.69		34.67		26.86		41.33		607.43		74.81		36781.08				Sum		1387.87		Sum		1208.3177777778		Sum		600.8666666667		Sum		435.9044388889		Sum		680.5632566667		Sum		14589.11624		Sum		2642.2403133333		Sum		665892.16

				G4S3		68.17		74.59		31.13		27.51		46.05		840.10		193.56		39896.67				Count		17		Count		17		Count		17		Count		17		Count		17		Count		17		Count		17		Count		17

				G4S4		69.79		73.90		38.17		26.68		44.25		836.04		118.05		36917.37				Confidence Level(95.0%)		6.88820148		Confidence Level(95.0%)		2.852723067		Confidence Level(95.0%)		2.19650481		Confidence Level(95.0%)		0.7334612139		Confidence Level(95.0%)		1.2702706703		Confidence Level(95.0%)		137.8619626779		Confidence Level(95.0%)		33.8951923428		Confidence Level(95.0%)		1640.8969004484

				Ab control		102.71		62.03		30.14		24.78		38.53		673.33		120.92		38726.26






