


Genetics of SPAD chlorophyll meter readings and kernel yield in Maize        (Zea mays L.)


ABSTRACT
                All the high yielding hybrids recorded higher SPAD chlorophyll meter readings. Hybrids with higher SPAD meter readings were consistent across seasons emphasizing the stability of the character. Hence, selection for SPAD meter reading could potentially be an effective physiological trait in breeding programmes Additive and non-additive gene actions were involved in controlling SCM R and Kernel yield with a greater role of non-additive gene actions.    Standard heterosis varied from 11.22 to25.11 and from -2.74 to 6.00 and sca effects ranged from -1.67 to 4 98 and from -0.9 to 2.67 for kernel yield and SCMR, respectively in the top yielding hybrids. Among the top 10 hybrids, BML 15 x PDM 1474 and BML 7 x DFTY (poor x good) and BML 15 x PDSM 1452 (poor x poor) with high per se performance for kernel yield and SCMR, significant sca and standard heterosis may be utilised for exploitation of hybrid vigour or development of hybrids. The hybrids Heypool x PDM 1474    and  DFTY x  Heypool( good x good) with high mean performance for kernel yield and SCMR , significant standard heterosis and non-significant sca effects  may be handled through pedigree breeding so as to capitalize additive × additive gene action or may be utilized in the improvement of inbreds or parental lines through recycling .The two hybrids viz;  DFTY × PDM 1452 ( good x poor ) and BML 6 × PDM 1474  (poor x good ) with high mean for kernel yield and SCMR ,significant sca effects and standard heterosis  may be handled though population improvement programme so as to isolate superior parental lines or to obtain superior hybrids through recurrent selection. 

INTRODUCTION
Maize (Zea mays L.)  is the third most important cereal crop after paddy and wheat in India. It is C4 grain crop with high rate of photosynthetic activity, high grain and biomass yield. It is predominantly a cross-pollinating species, a feature that has contributed to its broad morphological variability and geographical adaptability. Kernel yield in maize is a complex trait influenced by genetic, environmental (seasons/locations) and G x E interactions and it also depends on several yield contributing components like in any other crop. Therefore, in addition to major yield components, it is necessary to measure secondary traits related to kernel yield so as to improve the precision of selection. Chlorophyll is a vital pigment for absorbing, transferring and transforming in photosynthesis (Yao et al. 2007). Leaf greenness is an important plant biophysical parameter that determines plant physiological status and relates to photosynthetic capacity of plants and consistently improves yield. SPAD chlorophyll meter readings have been proven an easy, nondestructive and reliable assessment of leaf greenness via their association with chlorophyll content and consequently with leaf nitrogen concentration in maize (Wang et al. 1999 and 2004). Chlorophyll meter readings have been used in many annual crops to estimate nitrogen status. SPAD chlorophyll meter readings can be a handy to monitor leaf photosynthetic machinery. Maize exhibits great potential for heterosis expression and its utilization. Genetic variation for heterosisis the basic reasons that breeding community always preferred hybrids rather than open-pollinated varieties or synthetic varieties. Heterosis increases yield potential and improves adoption to stress. However, the underlying mechanism of heterosis remains elusive (Araus et al. 2010). The exploitation of heterosis in maize helps in developing high yielding hybrids and it depends on the direction and magnitude of heterosis, and the type of gene action involved in it. However, information on genetics and association of SPAD chlorophyll meter reading with kernel yield is scanty in maize. The present study in maize was carried out to investigate the genetic control, extent of   standard heterosis and identify the promising hybrids for SPAD chlorophyll meter readings and kernel yield. 	Comment by munny chinyo: Check spelling
MATERIAL AND METHODS
The study was conducted in three seasons viz., Rabi, 2016-17, Summer, 2017 and Kharif, 2017 at Agricultural Research Station, Perumallapalle, Chittoor District, Andhra Pradesh. The soils of the research station are sandy to sandy loam in texture. Forty- five single cross hybrids made involving 10 inbred lines in a diallel fashion (Half diallel) excluding reciprocals were evaluated during Rabi, 2016-17, Summer, 2017 and Kharif, 2017 along with 10 inbreds in separate but contiguous plots using Randomized Block Design with three replications. Each inbred line and F1 hybrid were sown in one row of five meters length adopting a spacing of 75×20 cm in Kharif and 60×20 cm in Rabi and Summer between row to row and plant to plant. All the recommended package of practices viz., like irrigation, weeding and plant protection measures recommended  for maize in southern zone were followed for  raising a healthy and successful crop. Farmyard Manure was applied at the rate of 25 t ha -1. Nitrogen was applied in four splits viz., at sowing, knee high stage (30-35 days), at flag leaf emergence (50-55 days) and at tasseling and silking stage (60-65 days).  A fertilizer dose of 120:80:60 kg ha -1 of nitrogen, phosphorous and potassium during rabi, 2016-17 and summer, 2017 and 100:80:60 kg ha - 1 nitrogen, phosphorous and potassium during kharif, 2017 was applied. Observations on SPAD chlorophyll meter reading (SCMR) and kernel yield plant -1 were recorded on five randomly selected competitive plants in each replication. SPAD readings were recorded with the help of SPAD-502 chlorophyll meter (Minolta Co Ltd, Osaka, Japan). Three measurements were taken, on the third fully expanded leaf from the top of the main stem of the plant, near the base, middle and midway between the midrib and the leaf margin. The average of the three readings was recorded for each individual plant and expressed as SPAD chlorophyll meter reading (SCMR). Mean values of three replications was used for statistical analysis in individual season and pooled over seasons following the procedure of Panse and Sukhatme,1985. Combining ability analysis pooled over seasons was carried out as per the procedure of Griffing (1956) and Singh (1973 and1979). Standard heterosis over standard check DHM 117 over seasons was estimated following the method suggested by Virmani et al (1982).
RESULTS AND DISCUSSION
Mean performance of hybrids for SCMR and kernel yield 
Statistical analysis of mean data of three replications on season –wise and combined analysis over seasons indicated existence of significant differences among hybrids, seasons and hybrids × seasons for kernel yield per plant and SPAD Chlorophyll meter readings (SCMR) revealing the existence of sufficient variability exists among hybrids, seasons and hybrid x seasons. Hence plant. The results of pooled analysis   for SCMR and kernel yield per plant are discussed hereunder. Mean performance of top10 hybrids for kernel yield and SPAD chlorophyll meter readings were given in Table 1.
Kernel Yield Plant-1 (g)
In rabi,the character varied among 45 h ybrids from 103.93 (BML 15 × PDM 1428) to 146.70 (BML 7 × DFTY) with a mean of 129.90 g. Twenty three out of 45 hybrids exceeded the mean kernel yield.  During summer, this character ranged from 86.94 (PDM 1428 × PDM 1452) to 129.23 (Heypool × PDM 1474). The mean value of hybrids was (105.18 g.).  In kharif, kernel yield plant-1 varied from 96.27 (BML 7 × BML 15) to 142.57 (Heypool × PDM 1474) plant-1 with a hybrid mean of 126.60 g Twenty-seven hybrids recorded higher kernel yield plant-1 than the general mean of the hybrids, respectively. In pooled analysis over seasons, kernel yield varied from 98.77 (BML 15 × PDM 1428) to 139.19 (Heypool × PDM 1474) plant-1 among hybrids with a general mean of 120.56 g which was exceeded by 24 hybrids. Based on mean performance of hybrids for kernel yield plant-1 across the three seasons, top 10 high yielding hybrids in each season and across seasons   for kernel yield per plant were identified and the data   were presented in Table 1.  The top 10 hybrids  identified  for kernel yield include  Heypool × PDM 1474 (139.19 g), BML 7 × DFTY (137.19 g), DFTY × Heypool (137.06 g), BML 15 × PDM 1474 (137.01 g) , BML 6 × PDM 1474 (133.63 g) ,DFTY x PDM 1452(133.01g) , BML 15 x PDM 1452(131.16g) ,BML 2 x Heypool (129.48g), PDM 1452 x PDM 1474 (128.28g ), BML 2 x BML 7 (127.52g ) (Table1). These hybrids could be exploited for commercial cultivation or could be well utilized in population improvement programme so as to bring improvement in    kernel yield.
SPAD Chlorophyll Meter Readings (SCMR)
Among hybrids, SCMR varied from 48.07 (BML 7 × PDM 1452) to 54.92 (BML 6 × PDM 1428) with a hybrid mean of 51.48 in rabi ;  from 47.77 (BML 7 × PDM 1428) to 53.28 (DFTY × Heypool) with a mean of 50.86 in summer ; from 49.33 (BML 7 × PDM 1428) to 54.23 (DFTY × Heypool) with a mean of 51.73 in kharif and from 48.86 (BML 7 × PDM 1428) to 53.70 (DFTY × Heypool) with a general mean value of 51.36  over seasons . Among the hybrids 22 in rabi, 23 in summer, 22 in kharif and 21 across seasons have recorded higher SCMR over the respective general mean of hybrids. All the  10 top kernel yielding  hybrids   viz; Heypool × PDM 1474 (52.46), BML 7 × DFTY (53.57), DFTY × Heypool (53.70), BML 15 × PDM 1474 (53.41) , BML 6 × PDM 1474 (53.62) ,DFTY x PDM 1452(52.69) , BML 15 x PDM 1452(53.41) ,BML 2 x Heypool (52.28), PDM 1452 x PDM 1474 (52.80), BML 2 x BML 7 (51.46)  also recorded higher SCMR values  (Table 1). Association analysis of SCMR with kernel yield indicated a significant and positive correlation in all the three seasons (Rabi:  Summer:    Kharif: ) and also  over seasons :     Therefore   , SPAD chlorophyll meter reading can be used   as one trait in the  selection process  aimed at improving yield  in maize . Monneveux(2008) reported that   SCMR is  genetically variable and is highly heritable. Stay green character is strongly correlated with drought tolerance (Tollenaar and Lee, 2002 and 2006 and Tollenaar and Wu (1999) and Campos et al.(2004 ) opined that SCMR can be extensively used in plant breeding  so  as    to improve yield potential. Lee and Tollenaar (2007) also reported that SCMR could be used as an important parameter aimed at improving photosynthetic capacity and dry matter accumulation. In the present study SCMR values were found high in rabi season Similar results were observed by   Gekas et al. 2013). 
Combining ability analysis 
Combining ability analysis was carried out utilising the mean data of three replications recorded for kernel yield and SCMR in 45 single cross hybrids following Griffing’s diallel (Method IV and Model I) approach for pooled data over seasons (Singh, 1973b and Singh, 1979). ANOVA for combining ability analysis for the characters studied was presented in Table 2. Combining ability analysis indicated that mean sum of squares due to GCA, SCA and seasons were significant for SCMR and kernel yield in all the three seasons and over seasons. Mean sum of squares due to GCA × Seasons were significant  for SCMR  while   GCA  x seasons  and SCA  x seasons mean sum of squares were  not significant  for  kernel yield plant-1 .The significant mean sum of squares due to GCA and SCA in rabi, summer, kharif and pooled over seasons  for  SCMR and kernel yield suggests that both the types of gene actions (additive and non-additive) were involved in controlling these characters .  However, the greater magnitude of mean sum of squares due to SCA than GCA and less than unity of the ratio of σ2 gca/σ2 sca in all three seasons and pooled over seasons indicated the predominance role of non-additive gene action in governing SCMR and   kernel yield (Table 2). Hence, population improvement programmes viz; reciprocal recurrent selection may be followed to accumulate both additive and non-additive genes for the improvement of SCMR and kernel yield. The greater role of nonadditive gene action   for kernel yield was also reported by Bikal and Deepika (2015), Manjeet et al. (2016), Yuwono et al. (2017), Ivan et al. (2018), Singh et al. (2019) and Woldu et al. (2020) or kernel yield in maize. 
 Specific Combining Ability Effects
The estimated SCA effects or the top 10 hybrids for kernel yield and SPAD chlorophyll meter readings were presented in Table 3. 
Kernel yield plant-1 (g)
The sca effects among the 45 hybrids for this character varied from -16.52** (BML 7 × PDM 1474) to 18.28** (BML 6 × PDM 1416) during   rabi season. Ten out offorty five hybrids have recorded significant positive sca effects for this character. In summer, the magnitude of sca effects varied from -25.66** (DFTY × PDM 1474) to 17.36** (BML 15 × PDM 1474). During kharif, sca effects for this character ranged from -20.75** (BML 7 × BML 15) to 18.79** (BML 15 × PDM 1452). In pooled analysis over seasons, sca effects among hybrids varied from -11.56** (DFTY × PDM 1474) to 14.98** (BML 15 × PDM 1452). Out of the top 10 high kernel yielding hybrids BML 7 × DFTY (12.35**)  , BML 15 × PDM 1474 (12.02**) , BML 15 x PDM 1452(14.98**)  and  BML 2 x BML 7 (7.78*) recorded highly significant and positive sca effects for this character whereas , Heypool × PDM 1474( 3.58  ), DFTY × Heypool (3.50), BML 6 × PDM 1474 (3.65) , DFTY x PDM 1452(5.12) , BML 2 x Heypool (1.02) and  PDM 1452 x PDM 1474 (-1.67) registered non-significant sca effects  (Table 3). 
SPAD chlorophyll meter readings
Among the  45 hybrids , sca effects for this character  ranged from -2.15** (BML 7 × PDM 1452) to 3.57** (BML 6 × PDM 1428) in rabi; from -1.75** (BML 7 × PDM 1452) to 2.30** (BML 15 × PDM 1452) in summer; from -1.83* (BML 6 × PDM 1452) to 2.84** (PDM 1416 × PDM 1428) in kharif and from -1.71** (BML 15 × DFTY) to 2.67** (BML 15 × PDM 1452) in pooled over seasons.   Among the top  10 high  kernel yielding  hybrids  BML 7 × DFTY (1.71**), BML 15 x PDM 1452(2.67**)  , BML 15 × PDM 1474 (1.37**) and BML 6 × PDM 1474 (1.54**) recorded significant and positive  sca effecte    whereas , Heypool × PDM 1474 (-0.70), DFTY × Heypool (0.17), ,DFTY x PDM 1452(0.47) , ,BML 2 x Heypool (0.24), PDM 1452 x PDM 1474 (0.95)  and BML 2 x BML 7(1.09) registered non ignificant sca effects  ( Table 3 ).

 Standard heterosis 		
Heterosis over standard check is considered as economic heterosis. Heterosis over standard check is considered as economic heterosis. Standard heterosis over standard check (DHM 117) computed for kernel yield and SPAD chlorophyll meter readings in three seasons and over seasons was presented in Table 4.
 Kernel Yield per Plant (g)
Among the 45 hybrids studied, 23,13, 24 and 20 hybrids registered significant and positive heterosis over standard check for kernel yield per plant (g) in rabi, summer, kharif and over seasons, respectively. Standard heterosis among 45 hybrids varied from -13.70 (BML 15 × PDM 1428) to 21.82 % (BML 7 × DFTY) in rabi; from -11.71 (PDM 1428 × PDM 1452) to 31.24 % (Heypool × PDM 1474) in summer from -18.74 (BML 7 × BML 15) to 20.34 % (Heypool× PDM 1474) in kharif and from -11.22 (BML 15 × PDM 1428) to 25.11% (Heypool× PDM 1474) over seasons. All the top 10 high kernel  yielding hybrids  viz;  Heypool× PDM 1474 (25.11 %) followed by BML 7 × DFTY (23.32 %), DFTY × Heypool (23.20 %), BML 15 × PDM 1474 (23.16 %) , BML 6 × PDM 1474 (20.12 %),DFTY X PDM 1452 (19.56** ) ,  BML 15 X PDM 1452 ( 17.89** ) ,BML 2 X Heypool (16.39** ), PDM 1452 x PDM 1474 ( 15.31** )  and BML 2 x BML 7 (  14.63**) have  recorded the  highest positive and  significant standard  heterosis over standard check DHM 117 (Table4).  Positive and significant standard heterosis for kernel yield was also reported by Ofori et al. (2015), Ruswandi et al. (2015), Rajesh et al. (2014), Dhoot et al. (2017), Meenakshi Dhoot et al (2017), Sandesh et al. (2018) and Zelalem et al. (2020) in maize.
SPAD Chlorophyll Meter Readings (SCMR)
[bookmark: _Hlk70245833][bookmark: _Hlk70247592][bookmark: _Hlk70265232][bookmark: _Hlk70246683][bookmark: _Hlk70277908]Per cent heterosis for this character  varied from -3.03 (BML 7 × PDM 1452) to 10.79 % (BML 6 × PDM 1428)  in rabi; from -4.59 (BML 7 × PDM 1428) to 6.42 % (DFTY × Heypool) in summer  ; from-3.39 (BML 7 x PDM 1428  ) to 6.20(DFTY x Heypool )    in kharif  and from -2.74 (BML 7 × PDM 1428) to 6.90 % (DFTY × Heypool) in combined analysis over standard check..Twenty four , fourteen,  seven  and  fifteen  hybrids have registered positive and significant standard heterosis   in rabi, summer , kharif and  over seasons . All the top 10 high kernel  yielding hybrids  Viz;  DFTY × Heypool (6.90 %), BML 6 × PDM 1474 (6.75 %), BML 7 × DFTY (6.64 %), BML 15 × PDM 1474 (6.33 %) and BML 15 × PDM 1452 (6.32 %) ,Heypool× PDM 1474 (4.43%) ,DFTY X PDM 1452 (4.88%) ,  ,BML 2 X Heypool (4.08%), PDM 1452 x PDM 1474 (5.11%)  and BML 2 x BML 7 (2.45 % ) recorded higher standard heterosis  ranging from 2.45 to 6.90  per cent. over standard check (Table 4).
	Dependence on single parameter may be misleading in the identification of superior hybrids because many times the high yielding hybrids may be associated with low sca effects and high heterosis or low yielding with high sca effects and high heterosis. Therefore, mean performance, sca effects and magnitude and direction of heterosis in the cross combination should be considered while identifying potential hybrids for the exploitation of hybrid vigour Based on the estimates of gca effects DFTY, Heypool and PDM 1474 were the good general combiners (Sabitha, 2021).  In the present investigation, among the top 10high yielding hybrids three hybrids viz., BML 7 × DFTY followed by BML 15 × PDM 1474 and BML 15 × PDM 1452 with high per se performance registered significant sca effects and standard heterosis for SCMR and kernel yield per plant. Thehybrids BML 7 × DFTY and BML 15 × PDM 1474 involved poor × good general combiners whereas BML 15 × PDM 1452 involved poor × poor general combiners. Hence, theses three hybrids may be recommended for commercial cultivation of hybrid vigour after extensive testing under on-farm trials. The hybids  viz., Heypool × PDM 1474 and DFTY × Heypool  which recorded higher mean performance for kernel yield and SCMR , significant standard heterosis and non-significant   sca effects  for SCMR and kernel yield involved good × good general combiners. Hence, these hybrids Heypool × PDM 1474 and DFTY × Heypool may be handled through pedigree breeding so as to capitalize additive × additive gene action or may be utilized in the improvement of inbred or parental lines through recycling .The  hybrid DFTY × PDM 1452  with high mean performance for SCMR and   kernel yield and significant standard heterosis but non-significant sca effects involved  good × poor general combiners whereas BML 6 × PDM 1474  and PDM 1452 x PDM1`474   with higher kernel yield  and SCMR  registered significant sca effects and standard heterosis  involved poor × good general combiners. Hence, the hybrids DFTY × PDM 1452 and BML 6 × PDM 1474 may be handled though population improvement programme so as to isolate superior parental lines or to obtain superior hybrids through recurrent selection.The  two other  hybrids  among  the top 10 hybrids viz; BML 2 x Heypool and BML 2 x BML 7  with high mean performance  for kernel yield and SCMR recorded non-significant sca effects and standard heterosis  involved poor x poor and poor x good general combiners . These two hybrids may be utilised in population improvement programme or in the inbreds development
CONCLUSIONS 
 All the high yielding hybrids recorded higher SPAD chlorophyll meter readings. Hybrids with higher SPAD meter readings were consistent across seasons emphasizing the stability of the character. Hence, selection for SPAD meter reading could potentially be an effective physiological trait in breeding programmes Additive and non-additive gene actions were involved in controlling SCM R and Kernel yield with a greater role of non-additive gene actions.    The hybrids BML 15 x PDM 1474 and BML 7 x DFTY (poor x good) and BML 15 x PDSM 1452 (poor x poor) with high per se performance for kernel yield and SCMR, significant sca and standard heterosis may be utilised for exploitation of hybrid vigour or development of hybrids while  Heypool x PDM 1474    and  DFTY x  Heypool( good x good) with high mean performance for kernel yield and SCMR , significant standard heterosis and non-significant sca effects  may be handled through pedigree breeding so as to capitalize additive × additive gene action or may be utilized in the improvement of inbreds or parental lines through recycling . 
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Table 1: Mean performance of hybrids for SPAD chlorophyll meter readings and kernel yield
	S..NO
	Hybrids
	SPAD chlorophyll meter readings
	Pooled
	kernel yield
	Pooled

	
	
	Rabi
	Summer
	kharif
	
	Rabi
	Summer
	kharif
	

	1
	BML2×BML7
	53.45
	51.07
	49.87
	51.46
	142.73
	108.23
	131.60
	127.52

	2
	BML2×Heypool
	53.52
	51.40
	51.93
	52.28
	143.88
	116.33
	128.23
	129.48

	3
	BML6×PDM1474
	53.65
	53.17
	54.05
	53.62
	145.83
	122.93
	132.13
	133.63

	4
	BML7×DFTY
	53.69
	53.00
	54.02
	53.57
	146.70
	126.47
	138.40
	137.19

	5
	BML15×PDM1452
	53.13
	52.93
	54.17
	53.41
	144.73
	108.93
	139.80
	131.16

	6
	BML15×PDM1474
	53.26
	52.96
	54.02
	53.41
	143.77
	125.73
	141.53
	137.01

	7
	DFTY×Heypool
	53.58
	53.28
	54.23
	53.70
	143.20
	129.03
	138.93
	137.06

	8
	DFTY×PDM1452
	53.38
	53.04
	51.63
	52.69
	143.40
	120.27
	135.37
	133.01

	9
	Heypool×PDM1474
	53.19
	53.18
	51.00
	52.46
	145.77
	129.23
	142.57
	139.19

	10
	PDM1452×PDM1474
	52.93
	51.60
	53.87
	52.80
	142.40
	111.73
	130.70
	128.28

	
	Mean
	51.48
	50.86
	51.73
	51.36
	129.90
	105.18
	126.60
	120.56

	
	S.Em
	0.55
	0.51
	0.81
	0.64
	3.93
	4.41
	4.03
	4.13

	
	C.D at 5 %
	1.56
	1.42
	2.27
	1.79
	11.05
	12.38
	11.31
	11.49

	
	C.V .(%)
	1.86
	1.72
	2.70
	2.14
	5.25
	7.21
	5.51
	5.93

	
	Minimum
	48.07
	47.77
	49.33
	48.86
	103.93
	86.94
	96.27
	98.70








Table :2 ANOVA for combining ability for SPAD meter reading and kernel yield over seasons

	S. No
	Mean sum of squares  
	SPAD 
meter readings
	Kernel 
yield 
plant-1 (g)

	1
	GCA
	13.19**
	1222.91**

	2
	SCA 
	3.34**
	263.59**

	3
	Seasons 
	9.14**
	2204.58**

	4
	GCA xSeasons
	1.55*
	34.72

	5
	SCA × Seasons 
	0.89
	31.40

	6
	Error 
	1.22
	51.11

	7
	s2 GCA
	1.54
	148.03

	8
	s2 SCA
	2.45
	224.89

	9
	s2GCA/s2SCA
	0.63
	0.66


                

*Significant at 5% level  **Significant at 1% level 













Table:3 SCA effects for SPAD chlorophyll meter readings and kernel yield in maize

	S.No
	Hybrids
	SPAD reading
	  Pooled 
	sca effects of hybrids for kernel yield 
	  Pooled 

	
	
	Rabi
	Summer
	Kharif
	
	Rabi
	Summer
	Kharif
	

	1
	BML2×BML7
	2.724**
	1.051*
	-0.509
	1.089
	11.917**
	6.237
	5.181
	7.779*

	2
	BML2×Heypool
	0.867*
	-0.336
	0.199
	0.243
	6.194
	5.827
	-8.959*
	1.021

	3
	BML6×PDM1474
	1.205**
	1.682**
	1.747*
	1.545**
	5.620
	8.068*
	-2.724
	3.655

	4
	BML7×DFTY
	1.605**
	1.285**
	2.237**
	1.709**
	12.231**
	16.524**
	8.290*
	12.348**

	5
	BML15×PDM1452
	3.162**
	2.303**
	2.545**
	2.670**
	13.228**
	12.914**
	18.792**
	14.978**

	6
	BML15×PDM1474
	1.532**
	0.928*
	1.660*
	1.373*
	7.057*
	17.361**
	11.634**
	12.017**

	7
	DFTY×Heypool
	-0.422
	-0.153
	1.092
	0.172
	1.864
	10.581**
	-1.950
	3.498

	8
	DFTY×PDM1452
	1.280**
	0.952*
	-0.830
	0.467
	4.661
	9.430*
	1.270
	5.120

	9
	Heypool×PDM1474
	-0.704
	0.516
	-1.902**
	-0.697
	0.314
	10.273**
	0.141
	3.576

	10
	PDM1452×PDM1474
	0.939*
	0.277
	1.643**
	0.953
	-0.455
	0.389
	-4.939
	-1.668

	
	S.E(Sij)
	0.49
	0.45
	0.71
	0.56
	3.47
	3.89
	3.55
	3.17

	
	S.E (Sij-Sik)
	0.74
	0.67
	1.07
	0.83

	5.21
	5.83
	5.33
	5.46

	
	S.E(Sij-Skl)
	0.68
	0.62
	1.00
	0.77
	4.82
	5.40
	4.93
	5.05


*Significant at 5% level **Significant at 1% level





	S.No
	Hybrids	Comment by munny chinyo: Correct the colour
	SPAD chlorophyll meter readings
	Pooled
	kernel yield
	Pooled

	
	
	Rabi
	Summer
	Kharif
	
	Rabi
	Summer
	kharif
	

	1
	BML2×BML7
	7.84**
	2.00
	-2.35
	2.45
	18.52**
	9.92
	11.09*
	14.63**

	2
	BML2×Heypool
	7.98**
	2.66
	1.7
	4.08
	19.47**
	18.14**
	8.24
	16.39**

	3
	BML6×PDM1474
	8.24**
	6.19**
	5.84*
	6.75**
	21.10**
	24.84**
	11.54*
	20.12**

	4
	BML7×DFTY
	8.31**
	5.86**
	5.78*
	6.64**
	21.82**
	28.43**
	16.83**
	23.32**

	5
	BML15×PDM1452
	7.19**
	5.73**
	6.07**
	6.32**
	20.18**
	10.63
	18.01**
	17.89**

	6
	BML15×PDM1474
	7.45**
	5.77**
	5.78*
	6.33**
	19.38**
	27.69**
	19.47**
	23.16**

	7
	DFTY×Heypool
	8.10**
	6.42**
	6.20**
	6.90**
	18.91**
	31.04**
	17.28**
	23.20**

	8
	DFTY×PDM1452
	7.70**
	5.95**
	1.11
	4.88*
	19.08**
	22.14**
	14.27**
	19.56**

	9
	Heypool×PDM1474
	7.32**
	6.23**
	-0.13
	4.43*
	21.04**
	31.24**
	20.34**
	25.11**

	10
	PDM1452×PDM1474
	6.79**
	3.06*
	5.48*
	5.11*
	18.25**
	13.47*
	10.33*
	15.31**

	
	S.E(Heterosis)
	0.787
	0.716
	1.144
	0.902
	5.56
	6.23
	5.69
	5.84

	
	Mean
	3.86
	1.58
	1.30
	2.23
	7.87
	6.82
	6.87
	8.37

	
	Minimum
	-3.03
	-4.59
	-3.39
	-2.74
	-13.70
	-11.71
	-18.74
	-11.22

	
	Maximum
	10.79
	6.42
	6.20
	6.90
	21.82
	31.24
	20.34
	25.11


Table :4 Per cent Standard heterosis for SPAD chlorophyll meter readings and kernel yield 














