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ABSTRACT 

 

The data based on 163 trilobed berries of Sapindus trifoliatus L. indicated that brood 

size of this species is predominantly one seed per berry (80.98%) but often two seeds per 

berry may be seen (19.02%). Fruits yielding three seeds are very rare (0.61%). The mean 

seed weight was the function of the brood size. Although the seed yield per fruit 

increased with the brood size, the mean seed size declined with brood size. The mean 

seed weight from one-seeded fruit (mean seed = 0.68038 ± 0.00804g, N = 126) was 

significantly larger (t = 3.22, p<0.001) than that of two-seeded fruit (mean seed = 0.6302 

± 0.01354; N= 54) by 50.28mg and also significantly larger (t = 3.7.778, p<0.001) by a 

similar quantum of 50.6mg from a mean seed of three-seeded fruit (mean seed = 0.6298 ± 

0.01437g; N = 3). There was no significant difference between mean seed weights of 

two-seeded and three-seeded fruits (t = 0.189, NS). The low proportion of occurrence of 

two-seeded fruits, however, may presumably due to some impediments to the ovular 

development or the second event of fertilization. Further research is needed to elucidate 

the reproductive eco-physiology of the species.  
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INTRODUCTION 
 

„Sapindus‟ is a tropical and subtropical genus of Fam. Sapindaceae. This genus 
comprises 13 species distributed mainly in America, the Pacific Islands and Asia. Three 
species of Sapindus are reported from Pakistan – S. mukorossi Gaertn., S. trifoliatus Linn. 
and S. emarginatus Vahl. (Abdulla, 1973). This paper relates with the seed mass variation 
of S. trifoliatus, not so common species in Pakistan but very important tropical agro-
forestry tree. It is a hard wood tree, economically quite useful. It contains a number of 
phytochemicals and medicinally very important and commonly used in Ayurvedic system 
of medicine - in birth control (as pregnancy interceptive) (Goyal et al., 2014; Pal et al., 
2013). It is potential anthelmintic (Saravanti et al., 2011) and anti-ulcer (Kishore et al., 
2011). It is potential biodiesel source (Ariharan et al., 2015). 

The present studies report the variation of seed mass in S. trifoliatus with respect to 
the brood size of the fruits.  
 

MATERIALS AND METHODS 
 

One hundred and sixty three (163) healthy mature berries (Fig. 1a) of Sapindus 
trifoliatus were collected from a mature large tree growing in the Campus of the Karachi 
University, Karachi, Pakistan in June, 2007. The fruit were graded into three categories – 
One-seeded, two-seeded and three- seeded. The seeds recovered from these fruit types 
were kept in separate vessel and weighed individually on electric balance. The data were 
analyzed for descriptive high order statistics. The statistical package employed was SPSS 
ver. 17.  Normality of data distribution was tested with Kolmogorov-Smirnoff z (K-S z), 
Kolmogorov-Smirnoff test (K-S test*) corrected for Lilliefors significance correction 
(Dallal and Wilkinson, 1986; Neter et al., 1988) and Shapiro-Wilk test (Shapiro and 
Wilk, 1965).  Thode (2002) has opined that KS-z suffers from its low power to detect 
normality and should no more seriously be considered for testing normality.  
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RESULTS AND DISCUSSION 
 

The seeds of S. trifoliatus are black, hard and smooth enclosed in berries. Each berry is 

a tri-lobed structure (Fig. 1a). The brood size varied from one to three seeds per fruit. Of 

three lobes, generally only one lobe is large and fertile, other two lobes are smaller and 

devoid of seeds in most of the cases. In our studies out of 163 fruits, 132 fruits (80.98%) 

yielded one seed, 31 fruits (19.02%) yielded two seeds and only 01 fruit (0.61 %) yielded 

three seeds (Fig. 1b). The seed size in fruits varied considerable in fruits as given below. 

 

     

 
 

Fig. 1. Sapindus trifoliatus. a, Fruits with differentially-sized lobes;  b, Percent proportion of fruits 

yielding one, two and three seeds per fruit. A, One-seeded fruits; B, Two-seeded fruits and C, 

Three seeded fruits. 
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Fig. 2. Frequency distribution of seed mass of seeds recovered from one-seeded Fruits of S. 

trifoliatus L. *, K-S test corrected on the basis of Lilliefors significance correction.  

 

 
Fig. 3. Frequency distribution of seed mass of seeds recovered from two-seeded fruits of S. 

trifoliatus L. *, Corrected on the basis of Lilliefors significance correction. 
 

Seed size in one-seeded-fruits: Out of 132 one-seeded-fruits, 126 seeds recovered were 

phenotypically healthier (95.45%) and 06 seeds (4.54 %) were found to be damaged due to 

random reasons. The frequency distribution of size of these healthier seeds is presented in 

Fig. 2. In these fruits, individual seed weight varied from 0.3795 to 0.8560g (CV: 13.26%) 

averaging to 0.68038 ± 0.00804g (N = 126). The seed weight, in spite of apparent skewness 

(negative) and peakedness, was shown to follow normal distribution by the insignificant 

value of KS-z: 1.124 (p < 0.159). The corrected Kolmogorov-Smirnoff test on the basis of 

Lilliefors significance correction and the Shapiro-Wilks test, however, indicated that the 
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sample came from the population which was not dispersed normally. This may presumably 

be attributed to the weakness of K-S z as normality tester (Thode, 2002). In majority of the 

cases (78.6%) the seed weight belonged to a size class of 0.61- 0.80g.  
 

Seed size in two-seeded fruits: Sixty-two seeds were recovered from 31 fruits. Of these 
seeds, there were 08 damaged seeds. The single seed weight in two seeded fruits varied 
from 0.40 to 0.8187 (CV: 15.78) and averaged to 0.6302 ± 0.01354 (N= 54) (Fig. 3). The 
seed weight was shown to follow normal distribution due to in significance of 
Kolmogorov-Smirnoff z (KS-z: 0.671, p<0.724). The corrected Kolmogorov-Smirnoff 
test on the basis of Lilliefors significance correction and the Shapiro-Wilks test, however, 
indicated that seed mass sample came from the seed population which dispersed 
normally. In 62.8% of the cases single seed weight fell in the size class of 0.61-0.8g. As 
compared to the one-seeded fruits, the representation of seeds in this class was lesser by a 
quantum of 15.8%. 
 

Seed size in three-seeded fruits: Three-seeded fruit was only one in number and yielded 

one seed from each locule. The seed weight averaged to 0.6298 ± 0.01437g (N = 3) 

varying from 0.6010 to 0.6640.  
 

Seed size variation in pooled sample of seeds: The weight of single seed in the pooled 
sample (N = 183) averaged to 0.6647 ± 0.00702g. The sample was indicated to be 
negatively skewed. The sample which appeared to follow normal distribution on the basis 
of Kolmogorov-Smirnoff z (KS-z: 1.138, p < 0.150) was found to be non-normal on the 
basis of Shapiro-Wilks test and Lilliefors correction of Kolmogorov-Smirnoff test (Fig. 
4). As given by coefficient of variability (CV) the seed weight varied by 14.29 % (2.25-
folds). It appears that seed weight distribution in S. trifoliatus should be re-examined on 
the basis of larger sample size.  
 

 
 

Fig. 4. Frequency distribution of seed mass of seeds recovered from Fruits (pooled sample) of S. 

trifoliatus L.*, Corrected on the basis of Lilliefors significance correction. 

Pooled sample of 
Seeds 
 

N = 183 Seeds 

Mean = 0.6647 g 
SE = 0.0070215 

Median = 0.680 

CV (%) = 14.37 
G1 = - 0.647 

Sg1 = 0.180 

G2 = 0.055 
Sg2 = 0.357 

Minimum = 0.3798 

Maximum = 0.8560 
KS-z = 1.138 

P < 0.150 

K-S test* = 0.084 

P < 0.003 

Shapiro-Wilk = 0.965 

P < 0.0001 

 

POOLED SAMPLE 

OF SEEDS  



Seed mass variation in Sapindus trifoliatus L. 39 

According to Kundu et al. (2015) there exists large variation in seed weight of S. 

trifoliatus - 1000-2500 seeds of weigh around one kg i.e. weight of one seed may vary 

between 400 and 1000 mg. In this respect much work has been done on Sapindus 

mukorossi, which appears to be comparatively large-seeded species. The 100- seed 

weight of S. mukorossi from Southern China provinces is reported to vary between 81.57 

to 238.52 g (CV: 25%) averaging to 139.55 ± 35.45 (SD) (Sun et al., 2017) 

corresponding on an average to 1395.5 mg per seed. Geographic variation of seed weight 

in S. mukorossi is also reported by Kairon and Sankhyan (2017) amongst various 

localities of Himachal Pradesh, India – 100-seed weight varying from 138.77 to 226.05g 

corresponding to 1388 to 2260mg per seed. Attri et al. (2011) have reported seed weight 

variation in phenotypically healthy trees of this species in Himachal Pradesh (India) to be 

121.30 to 210.232g per 100 seeds i.e., 1213 to 2102mg per seed.  

It may be inferred that although the seed yield per fruit increased with the brood size 

but the mean seed size declined. By above-given data, it is obvious that a mean seed 

weight from one-seeded fruit was significantly larger (t = 3.22, p<0.001) than that of two-

seeded fruit by 50.28mg and also significantly larger (t = 3.7.778, p<0.001) by a similar 

quantum of 50.6mg from a mean seed of three-seeded fruit. However, there was no 

significant difference between mean seed weight of two-seeded and three-seeded fruits (t 

= 0.189, NS). The variation in single seed weight in one-seeded fruits (13.26% or 2.25-

folds) and that in two-seeded fruits (15.78 or 2.05-folds) was more or less comparable. 

Seed weight variation has been reported in several tropical species (Janzen, 1977; Foster 

and Janson, 1985; Khan et al., 1984; Michaels et al., 1988; Khan and Zaki, 2012; Khan 

and Sahito, 2013 a and b; Khan and Uma Shaanker, 2001; Murali, 1997; Marshall, 1986; 

Upadhaya et al., 2007; Khan et al., 2013, 2014, 2016; Afsar uddin and Khan, 2016). Seed 

weight variations within a species and an individual (Halpern, 2005) and even within a 

fruit of an individual is a common phenomenon (Khan et al., 2018).  According to 

Andres-Augustin et al. (2006) coefficients of variation of 12% or less are acceptable in 

characterizing plant organ (s) in horticultural species and it would be desirable to increase 

the sample size if this ratio is higher. In our studies seed weight in berries had variability 

below or near equal to 15%.  

As regards to the distribution of seed weight all three types of seed weight 

distributions (negatively-skewed, positively-skewed and normal non-skewed) have been 

reported in literature. Afsar uddin and Khan (2016) reported negatively- skewed seed 

weight distribution in Albizia lebback.  Seed mass distribution was found to be to be 

normal in some cultivars of sunflower and non-normal in other cultivars of sunflower 

(Khan et al., 2011). Seventy two populations of Aeschynomene americana were studies 

for seed weight distribution by Zhang (1998). The distribution was normal in 9 

populations, positively skewed in 14 and negatively skewed in 49 populations.  

Seed mass variation, besides genetic reasons (Alonso-Blanco et al., 1999; Doganlar 

et al., 2000), may be the result of many other factors (Fenner, 1985; Fenner and 

Thompson, 2005; Wulff, 1986; Mendez, 1997) influencing resource availability. Seed 

weight variation in plants appears universal which may be due to trade-off of resource 

allocation between seed size and seed number (Venable, 1992) or environmental 

heterogeneity (Janzen, 1977). Seed mass variation has been shown to have several 

important ecological implications. Seed mass is associated with seed germination (Baskin 

and Baskin, 1998), seedling vigour and survival, with both across species and within 

species (Manga and Sen, 1996; Shaukat et al., 1999; Walters and Reich, 2000; Vaughan 
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and Ramsey, 2001; Halpern, 2005) presumably reflecting the amount of reserves 

available for early seedling growth (Castro et al., 2006). 

The decline of mean seed weight in two-seeded fruits may in part be due to the 

competition for nutrients between the developing seeds and the time lag phenomenon 

between the successive events of fertilization of two ovules. The low proportion of 

occurrence of two-seeded fruits, however, may presumably be due to some impediments 

to the ovular development or to the second event of fertilization.  

Wool (1980) has opined that high order statistics like measure of skewness and 

kurtosis may be helpful to identify canalized characters with some degree of confidence 

and to indicate how the distribution of a character is modified in different environments. 

Canalization as proposed by Waddington (1957) is the developmental suppression of the 

effects of genetic and environmental perturbations on the expression of phenotype (say 

seed mass). Fraser‟s (1977) theory predicted that the distribution of a canalized character 

(s) could yield information about the niche breadth of the species. Under evolutionary 

norm, the distribution of a canalized character should be leptokurtic, symmetrical and 

provided with low variance.  The distribution should be skewed if deviation from the 

normal environment (of the organism) is “slight” and distribution should be normal with 

large variation if departures from the normal environment are large. That is to say that the 

range of the environments which can be classified as normal is a measure of the niche 

breadth. In the present studies, independent knowledge of degree of canalization of such 

character as weight of individual seed is not available but it appears logical to accept that 

seed mass in S. trifoliatus is most likely a canalized character provided with low 

coefficient of variability. The distribution of seed weight in the present study being 

significantly negatively skewed, mesokurtic and provided with a coefficient of variability 

of the order of 14.37% indicate that in-hand individual of S. trifoliatus is growing under 

environmental conditions somewhat deviating from the norm. Further research is 

undoubtedly needed to elucidate the reproductive eco-ecology of the species. 
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