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path analysis revealed that number of clusters per plant exerted very high

direct effect upon yield per plant followed by individual fruit weight and root

fresh weight. Therefore, selection based on root fresh weight, number of

clusters per plant, individual fruit weight, number of fruits per plant,

chlorophyll stability index, relative water content and proline content would

be reliable and rewarding as they have a high direct effect on yield per plant

and also possess strong positive and significant association with yield which

will assist in achieving higher fruit yield coupled with tolerance to drought in

tomato under drought stress conditions.

Introduction

Drought is a complex, slow onset phenomenon which results from an insufficient rainfall or shifts in rainfall pattern
coupled with high temperature where available water in the soil is reduced and atmospheric conditions causes a
continuous loss of water by transpiration or evaporation [1]. Drought affects every living being especially people
causing serious economic, social and environmental losses. A sharp rise in temperature across various parts of our
country since mid-March has already raised concerns of an approaching water crisis. The government of India has
declared eight states viz., Kerela, Rajasthan, Madhya Pradesh, Karnataka, Uttarakhand, Uttar Pradesh, Andhra
Pradesh including Tamil Nadu as drought affected states on April 6", 2017. According to a recent report, the Ministry
of Agriculture and Farmer’s welfare, government of India has filed a response in the Rajya Sabha on the 29" April,
2016 that 266 districts across 11 states have officially declared drought in 2016. Desperate times as these call for
desperate measures which goes out to the breeders, physiologists and farmers to work together in developing and
breeding crop cultivars or hybrids that can tolerate drought and bring about higher yield simultaneously.

Tomato (Solanum lycopersicum L.) is one of the most consumed and economically important vegetable cultivated
globally [2, 3]. It is grown for its edible fruits which can be consumed either as fresh, cooked or in processed forms. It
serves as a protective food as it contains dietary nutrients and anti-oxidants, and being a readily available source of
bioactive compounds (vitamins, minerals and organic acids), emphasis is laid on the genetic improvement of several
physiological traits which confer drought tolerance without much compromising with the yield reduction.

Despite its importance and widespread cultivation, biotic as well as abiotic factors such as drought, heat stress,
salinity and mineral imbalance are the major causes of the reduction of fruit yield in tomato [4]. Drought induced by
frequent inadequate water availability in the soil accompanied with high temperature have become a major limiting
factor affecting tomato fruit growth and productivity by causing a significant reduction in fruit size, increment in
flower abscission, low percentage of fruit set, reducing the yield, its contributing traits and also affecting the fruit
quality attributes such as an ant-oxidant, lycopene which is the red pigment in tomato that is highly sensitive to
drought and heat stress [5]. In order to tackle this issue, breeding and developing of superior varieties and hybrids that
are drought tolerant is effective by selection of genotypes that have very rich and wide variations in important
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agronomic traits.

The success of selection depends on the choice of selection criteria for improving fruit yield in which studies on
correlation will provide information regarding the association among various traits and offers opportunity for
selecting genotypes that have desirable traits simultaneously [6]. Adequate knowledge about the magnitude and
degree of association between fruit yield and other yield attributes would assist the breeder to understand the strength
of correlated traits that would help in the decision process for the simultaneous improvement of more than one trait in
breeding program [7, 8].

Since yield is a combination of many traits, which are polygenic in nature, selection of yield based on multiple
traits is usually better than selection based on yield alone [8], which is the simplest way of improving yield indirectly
i.e. by selecting traits that are highly associated with fruit yield and having high heritability. However, correlation
alone does not present enough information on the contribution of associated traits, which necessitate the cause and
effect relationship between different traits [9]. Hence, indirect selection through related attributes will contribute
towards improving yield. Path-coefficient analysis divides the components of direct and indirect traits and provides
information on direct and indirect effects of interrelated components on yield. However, there is insufficient
availability of information regarding correlation coefficient and path analysis under drought stress for tomato.
Therefore, the present study is an attempt to estimate the genotypic correlation coefficient of several traits with fruit
yield of tomato and to determine the direct and indirect effects of the studied traits by path analysis under drought
stress treatment with the goal of determining appropriate selection criteria which will improve the efficiency of
breeding programme in tomato for drought stress environment.

Materials and Methods

The field experiment was performed in the field of the College Orchard belonging to the Tamil Nadu Agricultural
University, Coimbatore, Tamil Nadu. The plant material consists of thirty-two tomato genotypes as mentioned in
Table 1.The experiments were laid out in randomized complete block design (RCBD) with three replications under
pot culture conditions inside a polyhouse using two treatments viz., 100 per cent field capacity (well-watered) and 50
per cent field capacity (water-stressed). The field capacity was determined by estimating the amount of water applied
based on plant water use by the control treatment, which was measured by weighing the pots every day. After twenty-
days of sowing, the seedlings were transplanted with one seedling in each pot. The tomato seedlings were exposed to
both control and drought stress treatments. All the recommended cultural and protection practices were followed from
sowing until harvesting for tomato cultivation. Observations were recorded from five randomly chosen plants in each
replication for both the quantitative and qualitative traits. The association between yield and its component traits were
computed based on the per se performance of the genotypes as genotypic and phenotypic correlation coefficient [10].
The path coefficient analysis using significant genotypic correlation coefficients was carried out according to Dewey
and Lu [11] Statistical analyses were conducted using a computer software programme SPSS version 16.0.

Table 1 List of thirty-two tomato genotypes used in the study

SI. No. Accession No.  Source SI. No. Acession No. Source

1 EC — 167860 17.  Arka Vikas

2 EC — 168281 18.  Arka Ashish

3. EC - 168282 19. 1IHR-709 IIHR, Bangalore
4. EC — 168283 20.  1IHR —2388

5 EC — 168290 21.  Vybhav

6 EC — 169966 22. EC-608395

7 EC-170047  \BpGR, Hyderabad 23.  EC- 608406

8 EC — 170089 24.  EC - 608456

9. EC — 175957 25.  BRML )

10.  EC-177325 2. IIVR—L  TNAU, Coimbatore
11. EC — 177343 27. LE-27

12. EC — 177360 28. LE-57

13. EC - 177371 29. LE-114

14. EC - 177393 30. LE-118

15. EC — 177824 31. LE-612

16. Arka Meghali 32. PKM -1
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Results and Discussion
Correlation between fruit yield and its components

Yield is a complex trait associated with a number of component traits. It is the prime concern of the plant breeder and
is the ultimate factor on which selection programmes are to be envisaged. All changes in yield must be accompanied
by changes in one or more characters. However, all changes in the components need not be expressed by changes in
yield which is because of varying degrees of positive and negative correlations between yield and its components and
among themselves. Besides favourable association of characters with yield, an inter-association of characters would
simplify the selection programme. The knowledge of the nature and magnitude of interrelationships among yield and
its components is necessary for the simultaneous improvement of the characters and yield improvement [12]. An
understanding of the interdependence will be useful in evolving efficient selection and breeding strategies for
simultaneous improvement of all positively related characters [13], minimizing the negative effects and for
maximizing the synergistic effects. Hence, it is imperative to know the association between root traits, reproductive
traits and physiological traits in drought tolerance breeding programme of tomato.

In the present investigation, the result indicated a fairly strong inherent association between the characters which
is presented in Table 2. Plant height showed positive significant association with fruit yield which is in consonance
with the findings of other studies [14, 15].

Table 2 Genotypic correlation coefficients of different characters under drought stress condition

Traits PH DFI RFW RDW RL LA LW NFC NCP IFW NFD NFRP SLW Csl RWC PRO FY
PH 1 -0.10  0.72**  0.72**  0.70**  0.03 0.24 0.44*  0.66**  0.70** -0.30 0.63** -0.11 0.56**  0.54** 0.55** 0.46**
DFI 1 -0.28 -0.25 -0.43 0.02 0.10 -0.33 -0.28 0.09 0.71** -0.34 0.32 -0.28 -0.04 -0.27 -0.24

RFW 1 0.99**  1.00** 0.16 0.26 0.43*  0.62**  0.60**  -0.6**  0.60** 0.22 0.55** 0.46* 0.60** 0.42*
RDW 1 0.96**  0.12 0.24 0.46*  0.63**  0.63**  -0.5**  0.62** 0.25 0.57**  0.49** 0.62** 0.45*
RL 1 0.20 0.30 0.47*  0.62**  0.56** -0.60 0.67** 0.20 0.56** 0.42* 0.62** 0.44*
LA 1 0.83**  -0.01 -0.18 0.26 -0.14 -0.15 0.23 0.08 -0.03 0.15 0.02
LW 1 0.20 0.18 0.47* -0.06 0.20 1.48** 0.39* 0.38* 0.36* 0.13
NFC 1 0.62**  0.56** -0.20 0.80** 0.09 0.56** 0.33 0.34 0.51**
NCP 1 0.46** -0.08 0.95** 0.30 0.61**  0.55** 0.62** 0.65**
IFW 1 -0.28 0.57**  0.74**  0.66**  0.73** 0.64** 0.63**
NFD 1 -0.28 0.24 -0.182 -0.10 -0.32 -0.16

NFRP 1 0.29 0.63**  0.57** 0.61 0.73**
SLW 1 0.44* 0.74** 0.49** -0.06
Csl 1 0.70** 0.62** 0.40

RWC 1 0.63** 0.51**
PRO 1 0.53**

* Significant at 1% level and ** significance at 5% level

PH-Plant height, DFI- Days to flower initiation, RFW-Root fresh weight, RDW- Root dry weight, RL-Root length, LA -Leaf area, LW-Leaf
weight, NFC-Number of flowers/cluster, NCP-Number of clusters/plant, NFD - Number of flower drop, IFW — Individual fruit weight, NFRP-
Number of fruits per plant, SLW-Specific leaf weight, CSI-Chlorophyll stability index, RWC- Relative water content, PRO — Proline and FY-
Fruit yield, FC- Field capacity.

On the other hand, earlier findings [16, 17] revealed negative significant association with fruit yield per plant.
Inter-correlation of plant height revealed positive significant association with number of clusters per plant, individual
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fruit weight, number of fruits per plant as reported by several workers [18-22]. These results indicated that as the
plant height increases the number of clusters per plant, number of fruits per plant and yield per plant, would also
increase which is in line with the previous findings [23]. Plant height also exerted positive significant association with
root traits such as root fresh weight, root dry weight, root length and physiological traits such as chlorophyll stability
index, relative water content and proline content also. Days to first flowering exhibited negative non-significant
association with fruit yield. However, studies by some researchers [24-26] and revealed positive significant
association of days to first flowering with yield per plant. The inter-correlation showed positive and significant
association with number of flowers drop but negative and significant association with root length.

Root fresh weight, root dry weight and root length exhibited positive significant association with fruit yield which
suggested that selection based on root traits would be effective for increasing yield under drought stress condition.
The inter-association showed that all three root characters showed positive significant correlation with each other and
also with number of flowers per cluster, number of cluster per plant, individual fruit weight, number of fruits per
plant, chlorophyll stability index, relative water content and proline content.

This suggested the importance of root in achieving higher yield under water-limiting environment. This also
shows that genotype with deep root development will maintain higher leaf water potential under drought stressed
conditions whereas, if the genotype has high root restriction, the genotype will suffer from low leaf water potential
status which clearly indicates that a well developed and deeper root system will help the plant in maintaining high
plant water status [27] which will therefore result in the increase in total biomass as well as yield. Kanbar [28]
revealed that maximum root length, root fresh weight, root dry weight and high relative water content are a better
combination under low moisture stress conditions.

Leaf area and leaf weight showed positive but non-significant correlation with fruit yield. On the other hand, inter
correlation between leaf weight with individual fruit weight, specific leaf weight, chlorophyll stability index, relative
water content and proline content was positive and significant showing a strong interaction between these traits when
a plant is exposed to water- deficit condition. Positive and significant association of number of flower per cluster with
fruit yield per plant was observed which is similar to the earlier findings [29]. Inter association of number of flower
per cluster with number of clusters per plant, individual fruit weight, number of fruits per plant and chlorophyll
stability index content was positive and significant. Some studies [30, 31] also showed the association of number of
flower per cluster with number of clusters per plant and number of fruits per plant. Individual fruit weight was
positively and significantly correlated with fruit yield which was in propinquity with the findings of some workers
[17, 26, 32, 33]. Individual fruit weight exerted positive and significant association with number of fruits per plant
which is similar to the previous findings [30]. Number of fruits per plant was positively and significantly associated
with fruit yield per plant which was in agreement with findings by many researchers [4, 16, 19, 34, 35]. The
association of number of fruits per plant with fruit yield indicated better partitioning ability of assimilates towards
fruit development during drought stress period [1].

Among the physiological traits, the correlation between chlorophyll stability index and relative water content was
positive and significant and the same was observed for specific leaf weight with chlorophyll stability index, relative
water content and proline content. The chlorophyll stability index was positively and significantly correlated with
fruit yield. The association between yield and chlorophyll content can be seen even under limited water conditions as
the increased in drought stress could be attributed to a decline in chlorophyll content, leaf area and efficiency of
carbon fixation and stomatal closure [36]. Chlorophyll content, which indicates the nitrogen status of the plant, is very
important during the fruit formation in tomato. This nitrogen content indicates the sink strength of plants, in which
high chlorophyll content indicates high sink strength of the plants and higher sink strength would produce higher
tomato yield [37].

Relative water content and proline content showed positive and significant association with fruit yield which is in
agreement with the results of [38]. This author revealed that the reduction in relative water content caused a strong
reduction in photosynthesis, transpiration and stomatal conductance which suggest that plants with high relative water
content tend to yield higher than those with lower relative water content and most of the water is required for the
development of reproductive organs since the growth of the flowers and fruit involves the rapid accumulation of dry
matter and water [39].

There also exist a positive significant correlation between chlorophyll stability index with relative water content
and proline content, and also relative water content with proline content. The proline content of tomato leaves was
shown to be strongly related to the relative water content of leaves which confirm the findings [40] in tomato. This
suggests that during drought stress period, plants having an increased proline content with higher relative water
content tend to tolerate moisture deficit condition as proline accumulates under stress period renders energy for
growth and survival and ultimately helps the plant to tolerate stress [41].
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Table 3 Direct (diagonal) and indirect effects (off diagonal) of different characters on fruit yield

under drought stress condition

ISSN 2278-6783

Traits PH DFI RFW  RDW RL LA LW NFC NCP IFW NFD NFRP SLW  CSI RWC PRO FY
PH -0.66 0.07 -0.15 -0.10 -0.06 0.03 -023 -019 1.38 1.38 -0.04 -0.44 -0.01 -0.24 -0.01 -0.26  0.46**
DFI 0.07 -0.67 0.06 0.03 004 001 -0.09 0.15 -0.60 0.18 0.09 0.23 0.03 0.12  0.00 0.13 -0.24
RFW -048 019 1.99 -0.13 -0.08 014 -025 -019 129 1.18 -0.08 -0.42 0.02 -0.24 -0.01 -0.28  0.42*
RDW -048 017 -0.21 -0.14 -0.08 010 -024 -020 132 1.23 -0.07  -0.43 0.00 -0.24  -0.01 -0.29  0.45*
RL -047 029 -0.21 -0.13 -0.08 017 -029 -021 1.30 1.10 -0.08 -0.43 0.02 -0.24 -0.01 -0.29  0.44*
LA -0.02 -0.01 -0.03 -0.02 -0.02 083 -0.80 0.00 -0.39 052 -0.02  0.07 0.02 -0.04 0.00 -0.07  0.02
LW -0.16 -0.06 -0.05 -0.03 -0.02 069 -097 -0.09 0.38 0.92 -0.01  -0.14 0.15 -0.17  -0.01 -0.17 013
NFC -029 022 -0.09 -0.06 -0.04 -0.01 -019 -044 130 1.10 -0.03  -0.56 0.01 -0.24 -0.01 -0.16  0.51**
NCP -044 -0.19 -0.13 -0.09 -0.05 -0.15 -0.18 -0.27 210 0.90 -0.01  -0.66 0.03 -0.26 -0.02 -0.29  0.65**
IFW -047 -0.06 -0.13 -0.09 -0.05 022 -046 -0.25 097 1.96 -0.04  -0.40 0.08 -0.28 -0.02 -0.30  0.63**
NFD 020 -0.47 0.12 0.07 005 -0.11 0.06 0.09 -0.16 -056 0.13 0.20 0.02 0.08 0.00 0.15 -0.16
NFRP -042 023 -0.13 -0.09 -0.05 -0.09 -019 -036 200 112 -0.04  0.69 0.03 -0.27  -0.02 -0.29  0.73**
SLW 0.07 -0.21 -0.05 -0.03 -0.02 017 -1.43 -0.04 064 1.44 0.03 -0.21 0.10 -0.19 -0.02 -0.23  -0.06
CSlI -0.37 019 -0.12 -0.08 -0.05 007 -038 -025 1.28 1.29 -0.02 -0.44 0.05 -0.42 -0.02 -029 04
RWC -0.36 0.03 -0.10 -0.07 -0.04 -0.03 -0.37 -015 1.16 1.44 -0.01  -0.40 0.80 -0.30 -0.03 -0.30  0.51**
PRO -0.37 018 -0.12 -0.08 -0.05 012 -035 -015 1.29 1.26 -0.04 -043 0.05 -0.26 -0.02 -047  0.53**

* Significant at 1% level and ** significance at 5% level, Residual effect = 0.179

PH-Plant height, DFI- Days to flower initiation, RFW-Root fresh weight, RDW- Root dry weight, RL-Root length, LA -Leaf area, LW-Leaf weight, NFC-Number of
flowers/cluster, NCP-Number of clusters/plant, NFD - Number of flower drop, IFW — Individual fruit weight, NFRP- Number of fruits per plant, SLW-Specific leaf
weight, CSI-Chlorophyll stability index, RWC- Relative water content, PRO — Proline and FY- Fruit yield, FC- Field capacity.

Path coefficient analysis

Path coefficient analysis provides a thorough understanding of contribution of various characters by partitioning the
correlation coefficient into components of direct and indirect effects. As yield is influenced by many factors, selection
based on correlation may be misleading because it measures only the mutual association between two variables,
whereas path coefficient analysis specifically measures the relative importance of different yield components. To find
out the direct and indirect effects and to measure the relative importance of causal factors, path coefficient analysis is
useful, which permits critical examination of the specific forces acting to produce a given correlation.

Path-coefficient analysis at phenotypic level was carried out for 17 selected traits, with yield as dependent
variable. The path-coefficient analysis for different component characters is presented in Table 3. Among all the
sixteen characters, the number of clusters per plant, individual fruit weight and root fresh weight exerted very high
direct effect upon yield per plant respectively. The number of clusters per plant exerted a high positive indirect effect
through individual fruit weight, negligible indirect effect through specific leaf weight while the rest of the traits
showed a negative indirect influence on fruit yield. However, the individual fruit weight influenced the yield
indirectly and positive through number of clusters per plant while other traits showed negligible and negative indirect
effect.

Root fresh weight exerted a very high positive direct effect on yield through traits such as number of clusters per
plant and individual fruit weight which suggested that under drought stress condition, the influence of root fresh
weight on yield is of high consideration. The indirect effect through days to first flowering and leaf area were low
while specific leaf weight showed negligible indirect effect. As per the findings [42] in tomato, among the various
traits that help in assessing drought tolerance, root traits are more reliable on account of their high correlation with
drought tolerance mechanism. Leaf area showed a high direct effect on yield per plant. The positive indirect effects
through number of flowers per cluster, number of fruits per plant, specific leaf weight and relative water content were
negligible. This indicated that better leaf area would have resulted in better sink by the individual fruit for the photo
assimilates which would increase the fruit weight resulting in increased yield. The residual effect was 0.179
suggesting that the number of characters considered for path analysis were appropriate.
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Conclusion

Correlation and path coefficient studies suggested that the selection should be primarily, based on the component
characters which exhibited significant positive correlation with yield and also had either direct or indirect effect on
yield. This may lead to development of high yielding and drought tolerant germplasm in tomato. In the present study,
results from correlation and path coefficient analyses strongly confirm the reliability of the characters viz., root fresh
weight, number of clusters per plant, individual fruit weight, number of fruits per plant, chlorophyll stability index,
relative water content and proline content as they have a high direct effect on yield per plant and also possess strong
positive and significant association with yield. This suggested that below ground traits i.e. root traits has a direct
relevance in improving the fruit yield of tomato under water-deficit conditions along with the improvement of several
reproductive (number of clusters per plant, individual fruit weight, number of fruits per plant), physiological
(chlorophyll stability index, relative water content) and biochemical (proline content) traits. Therefore, it is rewarding
to emphasize the above traits in selecting a superior type for yield per plant under drought stress conditions in tomato
which is in agreement with the earlier findings [31, 43, 44, 45] in tomato. The information obtained from the present
findings helps in giving proper weightage to the various characters during selection or other tomato breeding
programme so that the improvement of desirable traits can be achieved effectively.
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