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INTRODUCTION 

Persian walnut (Juglans regia L.) belongs to the family Juglandaceae and is 

indigenous to the wide region extending from the Carpathian mountains across 

Turkey, Iraq, Iran, Afghanistan and Southern Russia to northern India (McGranahan 

and Leslie, 1990). The estimated · world production is 1,281,422 metric tonnes 

covering an area around 584,066 hectares (FAO, 2001). 

Walnut kernel is a rich source of proteins (J5 .. 20%), fats (60-75%) and also 

contain good amount of carbohydrates, phosphoric acid and vitamins. Walnut kernel is 

consumed fresh and widely used in confectionery, bakery and for extracting edible oil. 

The walnut tree yields valuable timber, which is most suitable for carving, making 

furniture and butts of guns. The bark has got medicinal value, whereas the husk of the 

nut is used for dying. 

Walnut is found growing in Himalayan region between the elevation of 1200 to 

2150 m above mean sea level, yielding a produce of 31,000 metric tonnes from an 

estimated area of 30,200 hectares (FAD, 200 I). Most of the produce, however, comes 

from seedling trees of unknown origin found growing scattered in the states of Jammu 

& Kashmir, Uttranchal and Himachal Pradesh. 

Given the importance of walnut in terms of the enormous export potential and 

with a scope of diversification with suitable high value crop in an otherwise apple 

dominating region, walnut becomes a viable alternative for commercial cultivation in 

the hilly states. However, unlike in developed countries like USA and France where 

extensive breeding programmes have yielded the evolution of several high yielding 



walnut cultivars with superior nut and kernel quality, walnut improvement in lndia is in 

a primitive stage. 

The scattered walnut plantations in the hilly regions comprise of seedling trees of 

unknown pedigree. Thus, each tree raised from seed is a distinct genotype owing to 

dichogamy and wind pollination. As such, natural stands of seedling trees exhibit 

tremendous genetic variation in growth, yield, nut and kernel quality characteristics. 

Walnut, therefore, provides a typical example of crop improvement through 

exploration and evaluation of individual trees in seedling plantations via exploitation 

of its vast genetic variation created through natural cross pollination and perpetuation 

through seed and thus harnessing the natural selection facilitated by extreme climatic 

diversities. 

Since perennial fruit tree breeding is a cumbersome and time consuming process, 

selection of trees with desirable traits from existing bearing tree stands is a viable 

approach to develop superior cultivars. 

In Himachal Pradesh, field surveys in the past have been undertaken in district 

Kullu. Shimla. Chamba, Mandi and Kinnaur to select superior genotypes, but not to a 

considerable extent in Sirmour district. Preliminary surveys in the area indicated the 

existence of several trees of seedling origin with high yield and good fruiting 

characteristics. In view of the above, field surveys were undertaken to screen persian 

walnut trees of seedling origin growing in some villages of district Sirmour of 

Himachal Pradesh with the following objectives: 

1. 

2. 

To survey and screen the walnut seedling tree populations to select genotypes 
with superior economically important traits. 

To characterise and evaluate seedling tree selections with superior growth, 
flowering, fruiting and yield characters. 
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REVIEW OF LITERATURE 

Variability among the living organisms is a rule in nature. Traditionally and in 

some cases even today the walnut trees are propagated by seeds. In view of diversity 

of natural seedling tree stands of walnut, there lies a possibility to make selection 

within them. The selection has played a significant role jn the improvement of all 

cultivated species and also in broadening the genetic base in many countries including 

India. The fundamental principle of selection is that it never creates variation but it 

exploits the existing variation. The various characters taken up for selection of 

desirable walnut seedlings include tree, foliage, floral and nut/kernel characters. The 

literature available on these aspects has been reviewed as under: 

2.1 TREE CHARACTERS 

Tree VIgour, yield, growth habit and branching are important tree 

characteristics in any crop plant evaluation study. 

2.1.1 Tree yield 

Yield in any sense is a complex character. High yielding capacity IS an 

important character which determine the economy of walnut production. The yield of 

nuts is governed by bearing habit, bearing surface, fruit set and nut size. Sharma and 

Chauhan (] 980) recorded variation in yield ranging from 15 to 45 kg per tree among 

the trees having age between 20 to 25 years. Whereas in another study by Levina and 

Ulyukina( 1981) the yield of 20 year-old trees reached 5-10 kg/tree. Pandey and Sinha 

(1984) selected some prominent seedlings of walnut from Jaunsar Bhabhar area of 

Garhwal hills and reported the yield (nuts/tree) to vary from 1000 in 'Chakrata No.8' 



to 5 SOO in I Chakrata No. I '. Paunovic (1990) evaluated 2500 seedling trees for yield 

and other characters. Out of which five trees were selected and 'T2' was recorded to 

be highest yielder (169 kg/tree). Among the 250 preselected genotypes of walnut in 

Iran, Atefi (1993) identified' 821-1' as highest productive clone with 330 nuts per tree 

followed by 'KS 7-1' with 134 nuts/tree in four year-old trees. Other clones like' B21 ' , 

'K20', 'K23', 'K7S' were in a group that gave highest yield in the fourth year. In 

another study, Atefi (1997) obtained a yield of 35 kg/tree from cultivar K-2I13. 

Shanna and Sharma (1997a) studied bearing seedling walnut trees in Western 

Himalayas and recorded that yield varied from 0.5-105 kg/tree. Sharma and Sharma 

(199Sa) observed that range of yield per tree was 3 to 40 kg, 8 to 75 kg and 16 to 105 

kg in seedling trees with age of less . than 20 years, 21-40 years and morc than 40 

years, respectively, in Jaunaji area of district Solan of Himachal Pradesh. Sharma 

(1999), while studying the variability in 229 seedling trees in Himachal Pradesh, 

recorded maximum yield of 130 kg in Tree No. 43 from Bharmour area of district 

Chamba while minimum yield of 1.5 kg in Tree NO.7 from Garsa valley of district 

Kullu. In another study on walnut seedling trees from Shimla district of Himachal 

Pradesh. Attar (2001) observed that yield in the 27 selected trees varied from 40 

kg/tree (RS-23, CS-l1) to 105 kg/tree (CS-36). 

2.1.2 Trunk girth and trunk cross-sectional area 

Trunk girth and trunk cross-sectional area are two important growth 

characteristics which reflects the tree vigour and yield potential in walnut. In Jammu 

& Kashmir, there are several centuries old seedling trees which have attained a height 

of 45 meters and girth upto 11 meters (Dewan et al., 1992). During their studies on 

variability in Solan district of Himachal Pradesh, Sharma and Sharma (1997a) 

recorded the trunk girth ranging from 50-497 cm among 125 bearing seedling trees. 
I 

Sharma and Shanna (2000 a) in their studies on variability in 229 seedling trees in 

Himachal Pradesh also observed significant variations in trunk girth and trunk cross­

sectional area. 

4 



2.1.3 Growth habit and branching 

As regards the habit and vigour of the tree, Forde (1975) stated that an ideal 

tree will grow vigorously to moderate in size and then slow down to produce nuts in 

abundance. 

. ~ 

In a study carried out by Radicati et al. (1990), out of 17 cultivars. 'Sorrento 

3' was most vigorous whereas 'Chase 09' was least vigorous. In another study by 

Aleta and Ninot (1993) trees usualJy showed a semi-erect growth habit and vigorous 

growth except 'rvm-T·363' having low vigour. Spreading growth habit was more 

common in Atlantic region and the vigour was higher in seedling trees from the 

~1editerranean area (Aleta and Ninot, 1997). Among 128 walnut seedling trees 

growing in Jaunaji area, Solan district. India, 32 trees were spreading, 38 semi­

spreading, 33 semi erect and 32 erect (Sharma and Sharma, 1997a). The branching 

density of 229 selected types from seedling population in Himachal Pradesh varied 

from 3 to 12 branches per metre unit shoot length (Sharma and Sharma, 2000b). A 

maximum of 12 branches per unit shoot length were observed in 'Tree No.31' and 

'Tree No.55' in Chamba. 

Attar (2001) observed 53 trees to be spreading, 16 semi-erect, 4 erect in 

Sarahan area; 62 spreading, 20 semi-erect and 2 erect in Rohru area; and 33 spreading, 

15 semi-erect and 7 erect in Chopal area of district Shimla. 

2.2 FOLIAGE CHARACTERS 

Late leafing time is a desired character in walnut to avoid damage due to 

spring frosts. However, Bugarcic el o/. (J 985) reported that the most productive 

genotypes come into leafing either very early or late and early leafing forms also 

produced the largest fruits. The late leafing time (Sharma and Sharma, 2000a) in 

Mandi. KuHu. Sirmour and Chamba was observed on 5th April. 8th April, 15th April 

and 25th April. respectively. Solar (1990) observed earliest signs of leaf fall in cv. G-

1247 on 19th October whereas the latest on the cv. MB-24 on 2nd November. 

According to Shanna and Sharma (2000a) leaf fall in walnut trees of seedling origin 
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extended from 29th September to 25th November in Kullu, 28th August to 12th 

~ovember in Mandi, 15th August to 16th September in Sirmour and 15th September 

to 20th November in Chamba. 

Singh (1993) observed 49 per cent trees with elliptic leaflets, 27.47 per cent 

,... ith broad elliptic and 13.72 per cent with narrow elliptic to elliptic leaflets in a 

bearing seedling population of wahiut in Kullu valley. Lee el al. (1994) found 

considerable variation in foliage characters such as compound leaf length, width, 

number of lateral veins in top leaflet. top leaflet base angle and area. Variation in 

number of lateral leaflets ranging from 4 to 12 has been reported from walnut trees of 

seedling origin in Himachal Pradesh (Sharma and Sharma, 1998a, 2000a). 

2.3 FLORAL AND FRUITING CHARACTERS 

Walnut is a monoecious plant and , heterodichogamous (Meza, 1975) . 
dichogamic in nature. Time of male and female flowering, number and size of male 

catkin and be~ring . habit of trees are some of the most important criteria to 

characterization, evaluation and selection. 

Mitrovic (1988) reported that selection 'Ovcar' had the earliest pollen . dispersal 

(28th April) and 'Novosadskikasni' the latest (16th May) in Cacak area of.Yugoslavia 

and the pistillate flowers showed earliest stigma receptivity in 'Dorka' (2nd May) and 

latest in 'Novosadskikasni' (22nd May). Out of 9S walnut types, Sen (1993) reported 

protandry in 69 types, protogyny in 13 types and hOqlogamy in the remaining' 13 

types. 

In a selection programme for high yield and good quality, Rouskas e/ al. 

(\997) observed 'FOPAN1' and 'FOKAl' to exhibit homogamy. Aleta and Ninot 

(1997) observed that the Atlantic Coast walnut clones had a high proportion of trees 

showing intermediate flowering. Ribeiro da Silva et al. (1997) recorded earliest male 

flowering in cultivars ·'Payne' and' Arco' on 27th March and latest in 'Franquette' on 

15th May. The variation in female flowering time was less as compared to male 

flowering time (Sharma and Sharma, 1998a) and all 125 trees were protandrous in 
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nature. In another study Sharma and Sharma (2000a) recorded variation in time of 

catkin bud burst, male and female flowering in 229 walnut trees of seedling origin. All 

these trees were found to be protandrous in nature except 'Tree No.ll' in Nohradhar 

(Sirmour) which was protogynous. Rouskas and Zakynthinos (2001) observed two 

homogamous selections, 21 protogynous and 34 protandrous. Sutyemez (2001) 

selected 24 homogamous types from a population of 171 trees ir. which the male and 

female flowering time overlapped atleast for six days. 

As regards hull· persistence on tree after nut fall, cultivars 'Geisenheim 139' 

and 'Tehama' had fully persistent hulls, cultivar 'Pedro' had partially persistent hulls 

whereas hull persistence was absent in 'Franquette', 'Hartley' and 'Parisienne' 

(UPOV, 1988). In a study carried out by Attar (2001) on 27 selected walnut seedling 

trees, 21 were found to have slight hull persistence after nut fall and six trees were 

having moderate hull persistence after nut fall. Variation for hull dehiscence was also 

observed in the same study where in 24 selected trees showed dehiscent nuts only 

three selections produced nuts having slight hull dehiscence. 

2.4 NUT AND KERNEL CHARACTERS 

For the nut and kernel, a high quality is essential in persian walnuts. The 

desired nut size is large for the in-shell market (12 to 14 g or more)and medium to 

small (9 to 11 g) for the kernel market (Germain, 1992). Nut quality depends on the 

colour, shell strength and thickness, smoothness, shell seal, kernel percentage, kernel 

colour and ease ofkemel removal. 

2.4.1 Nut characters 

Ideal nut should have relatively thin shell, easy to break, smooth, well lignified 

and with well sealed halves. Nine promising walnut strains in Chakrata hills of Uttar 

Pradesh were studied by Lal and Singh (1978) and in their study, average nut/fruit 

weight varied from s.o g (Chakrata Lehman Kagzi) to 17.6 g (Hanaul Kagzi) whereas 

shell thickness varied from 0.20 cm (Chakrata Lehman Kagzi) to 0.28 cm (Kuna 

Kagzi). In a study carried out by Chauhan and Sharma (1979) in Kinnaur district of 
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Ihmachnl Prndesh, Ihe I\ver,,~e nut weight varied from 6.24 g (Secdlin~ 1M) to 15.35 lC 

(Sccdlin~ II). nut Icn~.h from 26J em (Seedlin~ 24) (0 4.7K em (Seedling 2CJ), nut 

dunneter tiom 2 20 em (Seedlinl( 34) to 4.00 em (SecdlinM 37) Ind Khell thicknel'" 

frnrn 0 OM em (Seedling 16) to 0.43 em (SecdlinlC 2K) . In it ditlerent Htudy (Sharma Ilnd 

C tum tum, I '>KO), the hi~hcst llvernge nut weight (' 4.76 g) WftR obtllined an Seedling 5 

fl,lIl)\Vc,'d hy Seedling 4 (14 .38 g). lIowevor, the Seedling 1 produced lighteNt (6.73 g) 

and longesl nuts (4 15 em). whereas Seedling 2 produced the "hnrte!l nutll (3.22 em). 

The highest nut dinmeter was obtained in Secdlln" 6 (3. 7 I em) whereas the leaKt WitS 

llbtaincd in Seedling') and 1 I (2.85 em). The shell thickness of nut" ranged froln 0.10 

'Ill in Seedling II to OJ~ elll in Seedling 14. Considerable variobility in respect of' 

hllrvcsting period wn~ llbserved in vnrious seedling selcetioll!\ Rnd Seedling J wa" the 

curliest as il~ Ii'\lits were: hl\rvcstcd in the 2nd week of Augu~t whereas Seedling 14 

ripened lust of nil (lnst week of September). Sen (19K) evaluated fruit samples from 

~so .I"g/("',~ r"'Kid trees collected from Anatolia and easlern Black sea regions of 

Turkey in 1977-1979. In the 26 types selected from the above study, average nut 

weight was 11 .2<> g and average shell thickness was 1.23 mm. 

Out of preselected 50 seedling trees from Jaunsar Bhabhar area of Garhwal 

Hills, Pandey and Sinha (1984) selecte.d 15 seedling trees on the basis of fruit quality, 

size. yield etc. Chnkrata No.1 bore maximum of 5000.5500 nuts/tree. Nut weight 

varied from 26 g in 'Chakrata No.1' to 8 8 in 'Chakrata No.9', fruit length from 5.53 

em in 'Chakrata No.4' to 4.27 em in 'Chakrata No.13' and fruit width varied from 

468 cm in 'Chakrata No.2' to 3.10 em in 'Chakrata No.14'. 

According to Strila et al. (1988), out of 23 new forms selected in the Ukraine 

during plant collecting expeditions and grown in the Kiev area, 78.3 per cent trees had 

large or moderately large fruits weighing 10 to 14 g each. Shells were 0.8 to 1.2 mm 

thick in 65 .2 per cent of ~bnns (average value 0.94 mm) and the nuts cracked readily. 

In a study (1980-83) of walnut forms from a natural population in Yugoslavia, Miletic 

(1986) observed fruit weight varying from 7.6 to 16 g arid shell weight from 3.7 to 8.7 

g. Fruits were predominantly or slightly elongated, the shell being light and fairly easy 

to crack. In a study carried out by Solar (1990) in North-eastern Slovenia, the nut 
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produced on the cv G·120 was the heaviest (13.40 8) and the nut of cv. Sejnnvo, the 

Jigh.eJI (9.00 ~) . Sen and Tek;nta~ (J 992) reported J 2 walnut types having fruit weight 

above I ~ g. 

Out of nine cultivftnl previowdy selected from II (, hiolypc", 'Kaplan H(, had 

highc~" fruit weight (23 g) whlle cv. Sebin had IOWCHt fruit Wel~h' ()lJ g) (Jitrhatoglu, 

J (9) , 

In a study carried out by Akca and Sen (1994), 41 superior typCH were ~e'ectcd 

8S promising from a population of 365 trees of seedling origin. The mean nut weight 

of selected types varied from 10.36 in 'Type No.40' to 19.6 g in 'Type No.2), nut 

length varied from 38, J 5 mm in 'Type NoAI' to 50.84 mm in 'Type No.1', and t;hell 

thickness varied from 0.59 mm in 'Type NoAO' to L47 mm in 'Type No. S J " 

Rouskas el 01. (1997) observed average nut weight ranging between I ~ g (Fok 

AI) and 25 g (FM 3) in a study carried out in Greece. Kuden f!1 al. (1997) ob~erved 

that AS-2 (19.3 g) and Kam- 12 (18 . r g) gave the best results for fruit weight 

Variation was also recorded for nut characters in walnut seedling trees from f limachal 

Pradesh (Sharma, 1999~ Sharma and Sharma, J 997a, 200 I; Gautam, 2000; Attar, 

2001). Iran (Atefi, 200 I) and Turkey (Kazankaya el al.. 200 I) . 

2.4.2 Kernel Characters 

Kernel of walnut, the edible portion, constitutes about half of the total fruit 

weight. Whereas the kernel should have a light colour, should be plump and easily 

extractable It shou'ld represent between 48 and 55 per cent of the nut weight 

(Gennain. 1992). According to Yadrov and Popov (1998) the kernel percentage of 

selected types should not be less than 45 per cent. 

Earlier, Serr and Forde (1956) suggested that an ideaJ selection should have 

above 50 per cent shelling percentage. 

Variety • Mirkovski , developed by Trifonov (1972) had kernel yield of 48 10 

per cent. Over a 16 year period, 40 seedlings grown from fruits collected from aU over 

9 



southern Poland showed substantial differences with regard to tree and iruit 

characteristics (Kropp el al.. 1972). Reported kernel weights in seedling trees and 

selections from different studies ranged from as high as 10.0 to I I. 0 g to as low as 2.0 

g (Sykes. 1975~ Cheng. 1978). 

According to Chauhan and Sharma (1979) highest kernel percentage (64 .33%) 

was recorded in Seedling 34 and lowest percentage (28.84%) in Seedling 1. In another 

study by Sharma and Chauhan (1980) as regards kernel percentage, Seedling 11 

produced the nuts with highest percentage of kernels (52.65%) whereas the lowest 

kernel percentage (24.08) was obtained in Seedling 7. Sen (1983) reported average 

kernel weight of 6.2 g and 87 .89 per cent of light yellow kernels in his selection 

programme. Rathore (1984) recorded the average kernel weight between 1.2 g to 4.6 g 

in an evaluation study of 22 walnut accessions while Esayan and Bassegyan (1983) 

selected 100 walnut trees for nut analysis and found that maximum trees had high 

kernel yield (60% or more). Strila el al. (1988) selected 23 new forms in the Ukraine 

with 57.6 per cent average yield of kernels. Kernel oil and protein content varied from 

53.34 to 74.83 per cent and 2.56 to 21.81 per cent, respectively. The mean values for 

kernel weight varied from 5.0 gin cv. 'Chico' to 9.9 g in cv. 'Sunland' (McGranahan 

and Leslie, 1990) while the percentage of the kernel content was highest (55.22%) in 

cv. Sejnovo and the ~owest (42.840/0) in cv. 0-120 (Solar, 1990). Among the obselVed 

phenotypes in another study, cv. 'Malizia' was adjudged the best with a yield of 46.49 

per cent light coloured kernels (LimongeUi, 1993). 

In PalVati valley in Kullu district, Singh (1993) observed considerable 

variation in seedling trees with respect to kernel weight (3.06-8.06 g), kernel width 

(1.6-2.85 cm), kernel length (1.88-3.43 cm), kernel breadth (1.64-3.03 cm) and kernel 

percentage (25.20-64.140/0). Akca and Sen (1994) recorded variation in kernel weight 

from 5.77 g (Type No.16) to 9.41 g (Type No. 1), kernel to nut ratio from 46.1 per cent 

(Type No.56) to 64.2 per cent (Type No.40) and light yellow kernel colour varied 

from 50-100 per cent in the selected types. Godeanu and Botu (1997) recorded highest 

kernel percentage of 55.3 per cent in hybrid H2/5. Rouskas et al. (1997) recorded 

highest kernel percentage of 51 per cent in Fok A 1 and lowest of 42 per cent in FK3. 
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In a study carried out by Kuden el at. (1997), the highest kernel percentage was 

obtained from Klan-8 (57.39%), Kam-lO (56.01%), Kam-12 (56.350/0) and Kam-9 

(56.30%) and lowest from D I (41.44%) while kernel weight varied from 4.3 g (Klan-

8) to 10.2 g (Kam-8). Gupta (1999) observed variation in kernel thickness, kernel 

width, kernel height, kernel weight and kernel percentage extending from 3.0 I cm 

(lnder Akhrot) to 1.78 cm (Plant No.25), 3.54 cm (Inder Akhrot) to 1.64 (KxGiant), 

3.44 em (lnder Akhrot) to 1.99 em (Hartley) and 7.56 g (lnder Akhrot) to 1.47 g 

(KxGiant), respectively. 

Several recent reports from different parts of the world also indicate variation 

in kernel colour, weight, percentage etc. in walnut germplasm (Gautam, 2000~ Atefi, 

2001 ~ Yarilgac e( al., 2001; Kazankaya et al., 2001; Sharma and Sharma, 2001). 

2.5 CHEl\-fICAL ANALYSIS 

For the selection of genotypes with superior kernel quality in walnut, protein 

and oil contents are considered to be the most stable characters. As reported by Watt 

and Merrill (1963), kernel consists of64.0 per cent of fat and 14.8 per cent of protein 

in its composition. Variety 'Mitrovski' developed by Trifonov (1972) contains 68.03 

per cent oil and had good flavour. Among 40 seedlings grown from fruits collected 

from allover southern Poland, the 5 most valuable genotypes had 57 to 62.4 per cent 

oil and 11 .2 to 12.20 per cent crude protein content (Kropp el aI., 1972). 

Sharma (J 979) reported that protein content ranged from 6.47 to J 8.77 per cent 

in selections from one locality and 6.25 to 22.5 per cent in selections from another 

locality. From a 20 year-old population of 530 walnut trees, Levina and Ulyukina 

(1981) recorded average of 69 per cent oil, 18 per cent carbohydrates and 4.5 per cent 

nitrogen in the kernels. In a study carried out by Esayan and Bassegyan ()983), out of 

100 selected trees of walnut maximum trees had high fat (55.70%) and protein 

contents (15-200/0). 

Sen (1983) examined 550 individual waJnut trees and of these, 26 were 

selected with average fat content of 70.8 per cent and protein content of 20.52 per 
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cent. I n Yugoslavia,' Bugarcic el al. (1985) observed that the oil in the kernel ranged 

between 61 .0 and 72.5 per cent and protein between 10 and 19.94 per cent. Whereas 

Strila ct al. (1988) reponed that the oil varied from 34.83 to 53.34 per cent and protein 

from 2.56 to 21.81 per cent in their studies. Dong (1990) described seven elite forms 

which had oil content from 71. 5 per cent to 74.0 per cent. While, Singh (1993) 

recorded variation in fat and protein contents of persian walnut from 41.78 to 67.34 

per cent and 8.23 to 18.99 per cent, respectively. In his comparative studies on the 

biological and pomological characteristics of walnut cultivars and selections, Mitrovic 

(1992) observed highest oil content (72.5% in G 139) and mean oil content as 68.8 per 

cent. I n nine cultivars obtained through selection by F erhatoglu (1993), the oil content 

ranged between 79 per cent (Yalova 3) and 67 per cent (Sebin) and protein content 

varied from 21 per cent (Yalova 3) to 16 per cent (Yalova 4). Mitrovic et al. (1997) 

found that the protein and oil content varied from 16.11 .(Vujan) to 13.00 (4-251) and 

74.46 per cent (4-251) to 66.12 per cent (Vujan), respectively. Sharma (1996) 

recorded highest fat percentage (67.270/0) in 'Tree No.39' and lowest (37.15%) in 

'Tree No.90' ·while the highest protein percentage (25.08%) was recorded in 'Tree 

No.90' and lowest protein percentage (5.30%) was present in 'Tree No.39'. Sharma 

and Shanna (1997b) recorded the variation in protein and fat percentage of seedling 

walnut from 6.36 (Cv.No.l?) to 25.05 per cent (Cv. No.57) and 37.15 (Cv. No.S7) to 

63 .27 per cent (Cv~ No.17), respectively. Similarly, reports of variation in kernel oil 

and protein content in walnut selections have come up from Yugoslavia (Miletic et al., 

1999) and Turkey (Akca and Sen, 1994~ Yarilgac et al., 2001). 

2.6 CORRELATION STUDIES 

In a phenotypic correlation study among 18 different traits, Hansche el al. 

(1972) observed high positive correlations between leafing, flowering and harvest 

dates. Nut weight was found to highly correlated with nut length (0.62), suture (0.72), 

cheek (0.78) and kernel weight (0.82). Sharma (1996) observed positive association of 

yield with girth, kernel width and kernel thickness of nut weight with nut width, nut 

height, nut thickness, pad width, pad thickness, kernel width, kernel height and kernel 

thickness. In another study, Sharma (1999) observed that yield efficiency showed 
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positive and significant correlation with density of branching (0.267), nut weight 

(0.287), nut width (0.277), nut height (0.231), nut thickness (0.322), kernel weight 

(0.324), kernel width (0.345), kernel height (0.191), kernel thickness (0.313) and 

kernel percentage (0.148) and negative and significant correlation with protein 

percentage (-0.192). 

Sharma and Sharma (200 I) on the basis of correlation studies reported that 

nuts having lower value of shell thickness should be selected to get increased kernel 

weight and kernel percentage. They also concluded that heavy nut weight, longer nut 

height. larger value of nut width, more kernel weight, width, height, thickness. kernel 

percentage and fat percentage will lead to lesser protein percentage. 

2.7 PATH ANALYSIS 

In the direct and indirect effects of various characters on yield worked out at 

phenotypic level by Sharma (1999), trunk girth (0.783), yield efficiency (0.4488), nut 

width (0.] 153), density of branching (0.1148), nut weight (0.0783), kernel percentage 

(0.0606), fat perce~tage (0.0434) and protein percentage (0.0121) showed direct 

positive effects whereas trunk cross-sectional area (-0.0444), catkin length (-0.0296), 

duration of female flowering (-0.0583), nut height (-0.0536), shell thickness (-0.0749), 

nut thickness (-0.0259), kernel weight (-0.0017), kernel width (-0.0068), kernel height 

(-0.0089) and kernel thickness (-0.0698) showed direct negative effects on yield. 

Trunk cross-sectional area showed positive indirect effect on yield via trunk girth 

(0.7624). 

In another study carried out by Sharma and Sharma (2001) the path analysis 

results at phenotypiC level revealed that kernel weight had highest positive direct 

effect on nut weight followed by nut thickness, pad width, nut height, kernel thickness 

and pad thickness. The direct positive effect of these characters are high, so it can be 

concluded that by selecting higher values for these characters, nut weight can be 

increased considerably. 
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MATERIAL AND METHODS 

A field survey was undertaken to select superior walnut trees of seedling origin 

from villages viz. Chauras, Chikhria (Ser Tundra), Khal, Gandoori and Deedag in 

district Sirmour of Himachal Pradesh, located around 1600 m above mean sea level 

between 30.33 0 N latitude and 77 .210E longitude (Fig. I). 

Personal interactions were held with the owners of a total of 342 walnut trees to 

asses,S their overall growth and performance. On the basis of the information given by 

the owners, the trees which were irregular or not in bearing in 2001 and those bearing 

extremely hard shelled nuts were not included in further evaluation studies. 

Observations on various tree, foliage, flowering, fruiting, nut and kernel 

characters were recorded as per the lPGRI descriptors (IPGRI, 1994). In addition, 

biochemical analysis was carried out for evaluation of kernel quality following 

standard procedures. The details are as under: 

3.1 TREE CHARACTERS 

3.1.1 Trunk cross-sectional area (TCSA) 

The trunk cross-sectional area was calculated as per the method gIven by 

Westwood (1993) . 

TCSA = 1t r2 

where, 

r == radius of the trunk 



3.1.2 Tree yield 

Nuts from individual trees were hulled and dried in sun, to record the yield 

expressed in kilograms/tree. 

3.1.3 Yield efficiency 

The yield efficiency was calculated by adopting a method suggested by 

Westwood (1993) as under: 

Yield (kg)/tree 

Yield efficiency (kglcm2) = ---------
Trunk cross-sectional area 

3.1.4 Growth habit (Fig.2) 

Uprightness of vigorous current shoots was recorded and seed1ing trees were 

grouped into following categories: 

i) Spreading: Side branches were spreading outwards and not competing with the 
central leader 

ii) Semi-erect Branches grow upward and do not tend to compete with the central 
leader 

jii) Erect: Branche,s grow conspicuously upward and tend to compete with central 
leader 

3.1.5 Branching density 

The observations were recorded on the number of branches per metre shoot 

length on four scaffolds. On the basis of average number of branches, various seedling 

trees were divided into following classes: 

i) Sparse - <4 
ii) Medium .. 4-6 
iii) Dense - >6 
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3.1.6 Shoot pubescence 

Visual observation was recorded with respect to shoot pubescence on one year 

old shoots and following categories were made: 

i) Glabrous 
ii) Slightly' pubescent 
iii) Pubescent 

3.1.7 Shoot colour 

Observations regarding one year old shoot colour was recorded visually and 

the following categories were made: 

i) Pale brown 
ii) Green brown 
iii) Blackish 

3.1.8 Time and days to han-esting of nuts 

The time of nut harvesting was recorded on the day of first signs of hull 

splitting. The days to nut harvesting was calculated from the date of peak female 

bloom to the date of harvesting the nuts. 

3.1.9 Number of nuts per tree 

The number of nuts harvested from each tree selection were counted. 

3.2 FOLIAR CHARACTERS 

For these characters, average of 10 fully expanded representative leaves from 

each selection were recorded . 

3.2.1 Leaf length 

Length of leaves was measured from the base of petiole to the tip of terminal 

leaflet and expressed in centimeters (em). 
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3.2.2 leaf width . 

Width of leaves was measured at the widest part and expressed in centimeters 

(em). 

3.2.3 Number of leanets 

The observation pertaining to number of leaflets was recorded on fully 

expanded leaves by counting its leaflets. 

3.2.4 leanet width 

The width of leaflets was measured at the widest part and measured to 

centimeters (cm). 

3.2.5 Leaf colour 

On th~ ~asis of visual observations with respect to leaf colour, the seedling tree 

selections were classified into following categories: 

i) Light green 
ii) Green 
iii) Dark green 

3.2.6 Rachis colour 

Rachis colour was observed visually and seedling trees were grouped into 

following classes: 

i) Green 
ii) Yellow 
iii) Red 

3.2.7 Leaf and rachis pubescence 

On the basis of visual observations on intensity of pubescence in leaf and 

rachis, seedling trees were classified into following groups: 
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i) Glabrous 
ii) Slightly pubescent 
iii) Pubescent 

3.2.8 Leaf and/or rachis persistence 

Observations were recorded .to know whether rachis abscises from pojnt of 

attachment after all the leaflets faJl or not and the following categories were made 

accordingly: 

i) A few remain attached to stem 
ii) Intermediate 
iii) Many remain attached to stem 

3.2.9 Time and duration of leaf bud burst 

The time of leafing out was recorded when over 50 per cent of terminal buds 

had enlarged and the bud scrues had split exposing the green of the leaves inside. 

Duration of leafing time was calculated from 1st March (standard for all the seedling 

trees) till the end of leaf bud burst. 

3.2.10 Time and duration of leafTall 

Date of the completion of 75 per cent leaf fall was recorded. For duration of 

leaf fall, time period between leafing tjme and leaf fall is calculated. 

3.3 FLORAL AND FRUITING CHARACTERS 

3.3.1 Degree of dichogamy 

Degree of dichogamy was calculated (modified Solar et aJ., 1997) as under: 

Duration of male bloom (pollen shedding 
period) overlapped by female bloom (stigma 

receptivity period) duration 
Dichogamy (%)= 1 - ---------------x 1 00 

Duration of female bloom 
(stigma receptivity period) 
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3.3.2 Nature of dichogamy 

Observations were recorded on time of maturation of male catkins (indicated 

by pollen shedding) and female flowers (indicated by bifid stage of stigma receptivity) 

to determine the nature of dichogamy. Accordingly. the various selected trees were 

categorised as: 

i) Protogynous - when stigma receptivity precedes pollen shedding 

ii) Homogamous. when pollen shedding coincides with stigma receptivity 

iii) Protandrous - when pollen shedding precedes stigma receptivity 

3.3.3 Bearing habit · 

The observations regarding the bearing habit was recorded at the time of 

female flowering and categorized as below: 

i) Terminal: Bears on the terminal portion of the newly growing shoots 

ii) Lateral : Bears on the terminal as well as lateral shoots 

3.3.4 female flower abundance 

The intensity of female flowers, observed visually on each selected tree, was 

recorded as: 

i) Light 
ii) Intermediate 
iii) Heavy 

3.3.5 Stigma colour 

Visual observation on stigma colour was recorded and seedling trees were 

classified into following classes: 

i) Green 
ii) Yellow 
iii) Red 
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3.3.6 Hull persistence after Rut faU 

Observation was recorded to know whether hull persist after nut fall or not and 

on that basis seedling trees were grouped into following categories: 

i) Slight 
ii) Moderate 
iii) Significant 

3.3.7 Hull dehiscence 

Data with respect to degree of hull dehiscence in the matured fruits were 

recorded and various selections were classified into following categories: 

i) Non·dehiscent 
ii) Slightly dehiscent 
iii) Dehiscent 

3.4 NUT AND KERNEL CHARACTERS 

Twenty five randomly selected nuts from each tree selection were taken as 

representative sample to record observations on various nut and kernel characters. 

3.4.1 Nut shape 

The nut shape was determined following IPGRI (1994) descriptors in 

longitudinal section through suture and in longitudinal section perpendicular to suture. 

i) Shape of the nuts in longitudinal section through suture (Fig. J) was recorded 
as: 

Circular, triangular, ovate, trapezoid, broad elliptic. elliptic and obovate. 

ii) Shape of the nuts in longitudinal section perpendicular to suture (Fig. 4) was 
recorded as: 

Circular, ovate, trapezoid. elliptic, cordate and obovate. 
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3.4.2 Nur diameter 

The nut diameter (mm) was determined on the basIs of diameter through suture 

and in perpendicular to suture using Vernier's Calliper in each case. 

3.4.3 Nut length 

Data on nut length (mm) of 25 randomly selected nuts from each seedling tree 

were recorded with the help of Vernier's Calliper and average was worked out. 

3.4.4 Shell texture 

Nuts of individual seedling trees were visually observed for smoothness of 

shell texture, and following classes were made: 

i) Very smooth 
ii) Smooth 
iii) Medium 
iv) .. Rough 
v) Very rough 

3.4.5 Shell colour 

Nuts of individual seedling tree were visually observed for shell colour, and 

the following categories were made: 

j) Very light brown 
Ii) Light brown 
iii) Medium brown 
IV) Dark brown 
v) Very dark brown 

3.4.6 Shell seal 

Visual observations of nuts of individual seedling tree were made for shell 

sealing and the following classes were made: 
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i) Open or very weak 
ii) Weak 
iii) Intermediate 
iv) Strong 
v) Very strong 

3.4.7 Shell strength 

The shell strength was determined manually by hitting the nuts with each other 

and was recorded as : 

i) Weak - when shell cracked without force 
ii) Intermediate - when shell cracked with force 
iii) Strong - when shelf cracked with extra force 

3.4.8 Shell integrity 

Shell integrity was recorded in terms of completeness of shell to categorise 

various selections as under: 

i) Incomplete shell (>50% missing) 
ii) Intermediate (50% missing) 
iii) Complete shell, no holes 

3.4.9 Shell thickness 

Shell thickness was measured at near centre of half shell with the help of 

digital Vernier's Calliper. Shell thickness was expressed in millimeters (mm) as 

average of 25 randomly selected nuts. 

3.4.10 In-shell nut weight 

Twenty five randomly selected nuts were weighed on digital balance and 

average was worked out. In-shell nut weight was expressed in grams (g). 

3.4. t 1 Kernel colour 

The intensity of brown colour of kernels was visually observed in each tree to 

divide into following classes: 
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i) Very light 
ii) Medium 
iii) Dark 
iv) Very dark 

3.4.12 Kernel percentage 

The kernel percentage was worked out as average of 2S randomly selected nuts 

from each tree using the formula: 

Kernel weight 
Kernel (0/0) = x 100 

Nut weight 

3.4.13 Kernel weight 

The weight of the kernel was recorded on the basis of kernel extracted from 25 

nuts and average was worked out and expressed in grams. 

3.4.14 Kernel veins 

The percentage of kernel samples having conspicuous veins was calculated on 

the basis of visual observations. 

3.1.15 Kernel fill 

The extent of kernel filling in each selection was recorded as: 

i) Poor 
ii) Moderate 
iii) Well 

3.4.16 Kernel plumpness 

The plumpness of kernels in various selections was recorded as: 

23 



i) Thin 
ii) Moderate 
iii) Plump 

3.1.17 Ease of removal of kernel 

On the basis of force required for removing kernel from the shell, vanous 

selections were categorised as: 

i) Very easy 
ii) Easy 
iii) Moderate 
vi) Difficult 
v) Very difficult 

3.4.18 Shrivelled kernels 

The percentage of shrivelled kernels was recorded from 25 randomly selected 

nuts. 

3.5 CHEMICAL ANALYSIS 

3.5.1 Kernel protein content 

The Kjeldahl method as described by Kanwar and Chopra (1967) for 

estimation of crude protein in plant samples was followed and the procedure is as 

under: 

One gram of dried kernel in each sample was taken in the Kjeldahl flask and 

digested in 20 ml concentrated sulphuric acid with approximately 2-3 g of digestion 

mixture. The latter constituted one part of trimixture (20 g copper sulphate + I g 

selenium powder + 3 g mercuric oxide) and 20 parts of potassium sulphate. 

The digestion was continued till the material inside the flask attained a pale 

white or greenish yellow colour and allowed to cool. The digested material was then 

transferred to a 100 ml volumetric flask with 3-4 washings and final volume was made 

upto the mark. The contents were made homogenous by thorough mixing. Out of this 
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10 ml aliquot was then pipetted out and distilled with 10 ml NaOH solution (400/0) in a 

microdistiJlation apparatus (Morkhan's apparatus) using 25 ml of 4 per cent boric acid 

solution and mixed indicator to trap the released ammonia which was estimated by 

titration with N/SO sulphuric acid. The nitrogen percentage so obtained was multiplied 

by a factor 5.3 suggested for tree nuts (Khanizadeh et al., 1995) to calculate the crude 

protein percentage. 

Mixed indicator 

The mixed indicator was prepared by mlxmg methyl red (0.1 g) and 

bromocresol green (0.5 g) in 100 ml absolute alcohol and pH was adjusted to 4.5. 

3.5.2 Kernel fat content 

Fat content in the kernels was determined by following the method of Folch el 

al. (1957). The procedure is as under: 

Extraction of total lipids 

Two grams of. oven dried kernels in each sample were crushed in pestle and 

mortar and extraction of lipids was carried out in 20 mt chloroform:methanol (2: 1 viv) 

solvent mixture. The contents were shaken for one hour on a shaker and kept 

overnight at 50 C in a refrigerator. 

The above contents were filtered and transferred to a separating funnel. Then 

0.9 per cent NaCI was added, whose quantity corresponded to l/5th of the volume of 

above contents. The reaction mixture was shaken vigorously for 15 minutes and 

allowed the two layers to separate. Retained the lower layer in an already weighed 

glass container and evaporated it to dryness in hot waterbath. 
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Estimation 

The difference between the weight of oil containing container and cmpty 

container represented the oil in 2 g of dried kernel samplc and subsequently the oil 

percentage was calculated on dry weight basis. 

3.6 STATISTICAL ANALYSIS 

Standard procedures were followed to statistically analyse the data as 

suggested by Panse and Sukhatme (1985). The correlation and path analysis was 

carried out as per method suggested by Dewey and Lu (1959). 
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EXPERIMENTAL RESULTS 

The experimental results obtained in the present study are described under the 

following headings and subheadings: 

4.1 FIELD SURVEYS 

4.2 CHARACTERIZATION AND EVALUATION 

4.2.1 Tree Characters 
4.2.2 Foliage Characters 
4.2.3 Floral and Fruiting Characters 
4.2.4 Nut and Kernel Characters 

4.3 CHEMICAL ANALYSIS 

4.4 POMOLOGICAL DESCRIPTION OF WALNUT TREE SELECTIONS . . 

4.5 CORRELATION STUDIES 

4.6 PATH ANALYSIS 

4.1 F[ELD SURVEYS 

A total of 342 trees of seedling origin growing scattered in Oeedag (36), 

Chauras (70), Khal (52), Chhikhria (103) and Gandoori (81) in district Sirmour were 

screened for growth~ yield and quality characteristics. The preliminary observations 

and personal interaction with the owners of the trees resulted in identification of as 

many as 57 regular bearing trees exhibiting good nut and kernel characteristics. The 

above identified 57 trees were marked for comprehensive characterization and 

evaluation studies. the results obtained are presented as follows. 



4.2 CHARACTERIZATION AND EVALUATION 

The results penaining to characterization and evaluation of 57 bearing persian 

walnut trees of seedling origin are presented under following sections: 

4.2.1 Tree Characters 

4.2.1.1 Trunk girth and trunk cross-sectional area: Minimum trunk girth (26 .0 em) 

and trunk cross-sectional area (53.82 cm2) was recorded in SS-7 and maximum trunk 

girth (308 .0 em) and trunk cross sectional area (7546.80 cm2) was recorded in SS-51. 

Mean values of trunk girth and trunk cross sectional area were recorded as 88.14 cm 

and 800.71 cm2 with corresponding values of coefficient of variance to the extent of 

61. 72 and 154 AI per cent, respectively (Table 1). 

4.2.1.2 Tree yield : Tree yield varied from 2.7? kg/tree (S5-47) to 60.5 kg/tree (SS-

51). The mean and coefficient of variance were recorded as 17.55 kg/tree and 86.75 

per cent, respectively (Table). 

4.2.1.3 Yield efficiency: The extent of variation for yield efficiency ranged from 

0.007 kglcm2 (SS-47) to 0.266 kg/cm2 (SS-2) with 0.044 kg/cm2 mean and 126.69 

per cent coefficient of variance (Table 1). 

4.2.1.4 Growth habit: Out of all 57 waln~t trees of seedling origin, 33 tl'ec~ were 

having spreading growth habit, 23 were semi-erect and one tree was having erect 

growth habit (Table 2 and Appendix-I). 

4.2.1.5 Branching density: Data presented in Table 2 and Appendix-I showed that 37 

trees were ha~ing dense branching density, 17 were having medium and three trees 

were having sparse branchi~g density. 

4.2.1.6 Shoot pubescence: Shoots of maximum trees (39) showed slight pubescence 

followed by glabrous shoot pubescence (J 7 trees) and shoots of one tree was 

pubescent in nature (Table 2 and Appendix-I). 
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Table J. Eltent 01 nriation In tree charac;ten (metric) of walnut tree. of seedling origin In 
.ome v ill 1 d' I S' (H. ages 0 utr ct .rmour P.) 

S.1t'Ction No. 
Trunk girth Trunk cross Yield Yield efficiency ~ting Number of 

---- -_.---- (C:!!!L ___ _ ~ecti('"11 aru_~ _~~tree) _ f--~_cmlJ- time nut5/tree .-

SS-I 52 _00 215 _27 4.50 0.019 8/8 513 

SS-2 35 _00 97.42 26.00 0 ,206 \O/S 2150 

SS-3 65 ,00 336.36 10.75 0 .030 8/8 1125 
. S5-4 41.00 133 .89 10.50 0 .075 1518 1055 

SS-5 74.00 435.73 13.25 0.030 12/8 1462 

SS-() 33.00 86.55 8.20 0.092 14/8 765 

5S-7 26 .00 53.R2 4.75 0 .074 14/8 328 

SS-& 31 .00 76.5 I 800 0 .105 10/8 972 

SS-9 56.50 254. 16 14 _00 0.055 16/8 162& 

SS·IO 53 .00 223.67 19.50 0.085 12/8 173S 

SS-II 53 .00 223.67 10_50 0.(}45 12/8 IIRK 
SS-12 ·13 .00 147.34 8.50 O .05~ 14/l! 1054 

SS-13 12.00 412.3& 16.00 0.039 IO/R 1440 

SS·14 M .OO 326.()5 7.00 0 .022 22/8 1\45 
SS-15 80.00 509.55 10.0 0 .019 24 /8 1346 

SS-16 87.00 602 .. 12 9.50 0.015 1 G/8 1265 

SS-17 72 .00 413.10 15.20 0.036 20/8 994 

SS-18 72 .00 413. 10 18.00 0.044 21/8 1940 

5S-19 91.00 659.30 29.00 0.044 29/8 2612 

SS-20 90 .00 644 .80 14 .50 0 .022 29/8 1305 

SS-21 81.50 529 .03 8.20 0.015 IS/8 926 

SS-22 59.00 276.86 6.S0 0.022 12/8 852 

SS-23 173.00 2383.30 46.00 0 .193 18/R 4415 

5S-24 IlO.OO 963 .82 .5 !.SO 0.053 19/8 3705 

5S-25 129.00 1324.70 18.00 0.014 21/8 1332 

5S-26 152 .00 1838.90 53 .00 0 .029 17/8 5505 

SS-27 149.00 1168.20 42.50 0.024 16/8 4308 

SS-28 82.00 535.57 11.50 0.021 12/8 f}J2 

SS-29 1S.00 484.37 21.00 0.043 1218 1065 

SS-30 48.00 183.28 10.50 0.055 10/8 945 

5S-31 52 .00 215.21 22.00 0 .102 14/8 2212 

55-32 18.00 484.37 14.50 0.029 12/8 1105 

55-33 13 .00 423.98 7.00 0.017 12/8 864 

SS-)4 82 .00 535 .57 12.00 0.022 151R In8 

SS-.15 100.00 795 .82 8.50 0.010 15/R 6R2 

5S-36 89.00 630 . .50 9.00 0.014 4/8 632 

SS-37 76.00 459.73 6.50 0_0\3 SIR 5SR 

SS-3& 58.00 268_09 5.50 0.019 20/8 658 

5S-39 82_00 535.57 18.00 0 _OJ4 9/8 716 

5S-40 89.00 630.48 37.00 0.059 20/8 3612 

5S-41 89.50 637.62 9.50 0.014 20/8 776 

SS-S2 
, 

56.00 249.84 3.50 0.012 18/S 272 

SS-B 47.00 175.68 4.50 0 .023 20/8 608 

5S-44 68 .00 36R.29 6.00 0 .0\6 51& 624 

5S45 49_00 191.04 5_50 0 .026 12/8 465 

5S-46 69.00 ]7925 4.00 0011 101ft 255 

SS .... 7 59.00 276_86 2.75 0.007 lOIS 2J.J 

55 .... 8 42.00 140.53 3.7S 0.02) 16/8 345 

SS-49 64.00 326.05 6.00 O.{1l8 12/R 682 

SS-50 4R ,()() 110 .28 S.7S 0.044 161& 642 
SS-51 308.00 7546.80 60.50 0.008 5/8 4608 

SS-S2 196.00 JOS6.60 40 . .50 0 .013 ~ 2/8 ~IH5 

SS-S3 220.00 38.53. 10 46.15 0.012 1ih 4808 

S5-.5" 232.00 4275 . .50 49.00 0.011 2/8 .1916 

SS-S5 180.00 2517.40 50.50 0.019 2/S J624 

SS-56 109 .00 946 .30 11 .7S 0 .012 30/8 9&4 

SS-.57 156,50 1950.00 20.50 0.010 1/9 1224 

Mean 8R . 14 ROO. 71 17.55 0 .044 15RS _H 

S.D 54.40 12.'6.J6 15.22 0 .056 U :n .l)b 

CO\'ariance (%) 61 .72 154.41 86.75 126.69 11414 

5S - SlflTlOllf SelectIon 



Table 2: Extent of variation in tree characters (non-metric) of walnut trees of seedling origin in some villages of district Sirmour (H.P.) 

~ 
Growth habit Branching density Shoot pubescence Shoot colour 

I 

Extent Spreading Semi-erect ! Erect Sparse Medium Dense Glabrous 
Slightly 

Pubescent Green Blackish Pale brown 
~r variation 

t 
pubescent brown 

Frequency 33 23 I 1 3 17 37 17 39 1 32 20 5 , 
I 

(number of I 

Itrees) i 
I , 
I 

Percentage 57.90 
, 

8.77 40.35 ! 1.75 5.26 29.82 64.91 29.83 68.42 1.75 56.14 35.09 I 

(%) I 
I 
I 

... 



4.2.2.7 Leaf and rachis pubescence: Leaf and rachis of 41 trees were slightly 

pubescent, 13 were glabrous and only three were pubescent in nature (Table 4 and 

Appendix-I). 

4.2.2.8 Leaf and/or rachis persistence: Frequency for a few leaves remain attached 

and intermediate for leaf and/or rachis persistence was 33 and 24, respectively (Table 

4 and Appendix-I). 

4.2.2.9 Leafing time: The earliest leaf bud burst was recorded on 19th March in SS-35 

and SS-36 followed by SS-13, SS-16, SS-44 on 20th March. Whereas SS-56 was the 

last to show leaf bud burst on 13th April preceded by SS-57 on 12th April (Table 3). 

4.2.2.10 Leaf fall : The earliest date of leaf fall was recorded on 21st August in SS-37 

followed by SS-35 on 22nd August. SS-56 was the last to show leaf fallon 22nd 

September preceded by SS-57 on 20th September (Table 3). 

4.2.3 Floral and Fruiting Characters 

4.2.3.1 First male bloom date: The first male bloom date was recorded earliest in SS-

1 on 23rd March immediately followed by SS-35, SS-44 and SS-53 on 24th March. ' 

Whereas SS-56 and SS-57 were last to show first male flowering on 14th April 

preceded by SS-14 on 13th April Cfable 5). 

4.2.3.2 Last male bloom date: End of male flowering date was earliest in SS-1 on 3rd 

April followed by SS-35, SS-44 and SS-45 on 4th April, while, SS-20, SS-25, SS-56 

and SS-57 were last to show end of male flowering on 21 st April preceded by SS-14 

and SS-15 on 20th April (Table 5). 

4.2.3.3 First female bto~m date: The earliest date for first female bloom date was 

observed in SS-53 on 28th March followed by S8-1 on 29th March. Whereas SS-57 

was last to show first female bloom date on 20th April preceded by SS-56 and SS-20 

on 19th April (Table 5). ~.; 
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TaMc l. Eltent of "ariation in foliaJtc characters (metric) of walnut trees of secdlinJt origin in 
some villages of dbtrlct Sirmour (H.P.) 

MI~cttnn ~o. Lurmg tim~ Luf I~ngth (em) Luf width (em) No. of leaflets Leaflet width (ern) 
Time of 
leaf faU 

SS-I 30/3 29.00 21.00 8.3 4.3 2/9 

SS-2 114 36.50 21.00 8.0 4.4 15/9 

55-) 1/4 29.00 21.50 7.3 5. 1 13/9 

SS-, 22/3 22 .90 18. 10 7.7 5.1 1519 

SS-5 22/3 22 .10 17 . 10 8.0 3.2 1519 

SS-6 2513 24 .00 21.90 7 .0 2.7 12/9 

SS-7 514 30.70 14.60 8.7 4 .4 1/9 

SS-8 25/3 32.50 21 .60 7.3 4 .0 6/9 

SS-') 4/4 25.10 16.90 0 .1 4 .2 3/9 

55-10 29/3 27.30 12.40 7.0 4 .2 14/9 

SS-II 28/3 34.50 28.20 8.3 4 .6 12/9 

SS-12 28/3 38.90 25.50 7.0 5.4 /019 

SS-13 20/3 32 .50 20.00 7.3 5.0 14/9 

5$-14 10/4 29.80 23.20 7.7 4.6 16/9 

5S-15 8/4 21 .60 15 .60 6.3 4.3 9/9 

SS-16 20/3 32.70 21.40 8.2 2.9 26/8. 

SS-17 3 il3 41 .80 23 .50 8.7 6.7 12/9 

SS-18 31/3 34.50 26.20 10.0 6.2 15/9 

SS-19 3/4 35.50 21.10 8.0 5.4 1619 

SS-20 5!4 34.90 24.60 7.6 5.1 18/9 

SS-2 r 21/3 34 .60 20.80 1.3 4.5 2518 

S5-22 27/3 40.00 11.50 9.2 5.0 3018 

SS-2J 2/4 28.00 22.90 7.2 4.2 419 

SS-24 30/3 31 .20 25.60 1.7 1 .0 2/9 

SS-25 4/4 38.20 21.90 6.1 7.1 4/9 

55-26 25/3 38.50 27 . \0 7 .3 S.O \2/1) 

SS-27 26/3 30.50 22 .50 1.1 4 .4 1519 

S5-2& 4i4 31.30 19.10 6.7 5.5 16/9 

SS-29 30/3 25.70 19.30 7.3 5.9 29/8 

5S-30 2.7/3 26.10 17.40 7 .0 4 .0 27/8 

5S-31 1/4 26.80 22.20 5.5 4 .9 917 

SS-32 2/4 33.20 20.50 9.2 5.4 7/9 

5S-33 3/4 30.00 19.60 8.7 4.3 12/9 

SS-34 26/.3 3).40 23.10 9.2 5.0 J/9 

SS-35 1913 45.50 29.60 9.2 6.5 22/8 

SS-36 19/3 33.00 21.20 8.1 4.0 24/8 

S5-37 24/3 31.50 23.40 7.3 6.4 21 /8 

SS-38 31/3 30.00 18.90 9.2 4 .0 12/9 

SS-39 26/3 33.00 21 .70 7.7 4 .8 3/9 

SS-40 2613 30.20 21.10 7.3 5.5 3/9 

SS-'I 2/4 32 .80 24.60 6.7 4.9 11/9 

SS-'2 3/4 34.30 24.60 7.3 7.4 1219 

SS-43 5/4 35.80 25.60 8.0 6.1 15i9 

SS-44 20 '3 35.20 24 .70 9 .2 6.2 10/9 

55-45 3)13 38.50 26.20 7.0 6.0 8/9 

SS-46 26/3 35.40 23 .00 It? 4 .4 11/9 

SS-47 5i4 32 .00 20.90 7.3 4.5 12/9 

SS-'8 27/3 36.20 20.50 7.7 5.2 28/8 

S5-49 3/4 34.50 \9.20 7.0 4.5 9/9 

SS·50 29/3 28 .60 18.40 9.2 4.4 12/t) 

SS-S 1 7/4 3\ .50 24.50 6.1 5.5 1819 

SS-52 21/~ 29.40 21.20 7.0 4.7 1219 

SS-53 2<).3 40 .20 20.60 9 .2 4 .7 1519 

SS-54 2<}/) 36.20 25.80 7.3 5.2 Ill') 

S5-55 29 '] 31 .80 24 .10 7.7 5.4 14/9 

S5-56 13/4 36.90 18.90 8.7 5. J 11i9 

SS-57 12/4 40.80 19.50 1 .3 4 .9 2019 

Mean 32.69 21.63 7.77 4 .99 

S.D 4 .99 3.62 0.~6 0.96 

Covariance (° 0 ) I 15.28 16.12 11.01 1917 
..... 

SS - Sirmour Selection 



Table 4: Extent or variation in foliage characters (non-metric) of walnut trees of seedling origin in some villages of district Sinnour (H.P.) 

s: Leaf colour Rachis colour Leaf and rachis pubescence Leaf and rachis persistence 

Dark Green Light Yellow Green Red Pubescent Slightly Glabrous Few remain Intennediate 
Enent Grem Green pubescent attached 
of variation 

Frequency 20 30 7 14 33 10 3 41 13 33 24 
(number of 
trees) 

Percentage 35.09 52.63 12.28 24.56 57.90 17.54 5.26 71.93 22.81 57.89 42.11 
(%) .. 

----

.... -



4.2.3.4 Last female bloom date: End of female bloom date was earliest in SS- J on 

5th April and 5S-14 and 5S-57 were last to show end of female bloom on 27th April 

preceded by 55-20 and 5S-56 on 26th April (Table 5). 

4.2.3.5 Duration of male bloom: The minimum duration of male bloom (7 days) was 

recorded in SS-12, SS-33 and SS-37 followed by 8 days in SS-7, SS-9, SS-11, SS-14, 

SS-39, SS-47, SS-56 and 5S-57. Whereas maximum duration of male bloom (16 days) 

was recorded jn S5-53 preceded by 15 days in SS-22, SS-51 and SS-54. Mean and 

covanance values were recorded as 11.21 days and 20.45 per cent, respectively 

(Table 5). 

4.2.3.7 Duration of female bloom: The perusal of data from Table 5 showed that 

minimum duration of female bloom (6 days) was observed in SS-35 followed by 7 

days in S5-12, 5S-15, S5-19, SS-25, SS-28 and SS-33. Whereas maximum duration of 

female bloom (J 5 days) in 55-8, S5-46~ 55-51 and SS-54 preceded by ) 4 days in 

55-38 and 5S-53 . Mean and covariance values were recorded as 10.39 days and 22.58 

per cent, respectively (Table 5). 

4.2.3.8 Degree of dichogamy: The extent of variation for degree of dichogamy ranged 

from 10 per cent (5S-24) to 100 per cent (5S-19, 5S-33, S5-35, SS-45 and S5-46). 

Mean and covariance values for degree of dichogamy were recorded as 59.89 per cent 

and 43.49 per cent, respectively (Table 5). 

4.2.3.9 Nature of dichogamy: The data presented in Table 6 and Appendix-ll 

depicted that out of all 57 walnut trees of seedling origin, 48 were protandrous in 

nature and nine were homogamous in nature. 

4.2.3.10 Bearing habit: No variation was observed for bearing habit and all 57 trees 

exhibited terminal bearing habit (Table 6 and Appendix-II) . 

4.2.3.11 Female flower abundance: Light, intermediate and heavy female flower 

abundance was observed in 16, 31 and 10 trees, respectively (Table 6 and 

Appendix-II). 
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. 
4.2.3.12 Stigma colour: Colour of stigma in pistillate t10wers was recorded as yellow 

in 31 trees. red in 2 J trees and green in 5 trees (Table 6 and Appendix-H). 

4.2.3.13 Hull persistence after nut fall: The perusal of data from Table 6 and 

Appendix-II depicted that huJJ of nuts in 39 trees showed slight persistence after nut 

fall while in 18 trees, moderate hull persistence after nut fall was recorded. 

4.2.3.14 Hull dehiscence: The data presented in TabJe 6 and Appendix-II showed that 

nuts of 43 trees were dehiscent in nature followed by slightly dehiscent nature of nuts 

in 14 trees. Indehiscent nature of hull dehiscence was not seen in any of the trees 

selected. 

4.2.4 Nut and Kernel Characters 

4.2.4.1 Nut shape: The data for nut shape through suture and nut shape perpendicular 

to suture is presented in Table 8 .a and Appendix-III . 

. . 

4.2.4.1.1 Nut shape through suture: Nut shape through suture was circular. ovate, 

elliptic, trapezoid, broad elliptic and triangular in 17,18, 19, 5, 4. and 3 trees, 

respectively (Fig. 5). Only one selection (SS-20) produced obovate nuts (Table 8a and 

Appendix-III). 

4.2.4.1.2 Nut shape perpendicular to suture: Nut shape perpendicular to suture was 

(Fig.6) circular in maximum number of trees (23), followed by trapezoid in 16, ovate 

in 8, elliptic in 6, obovate in 3 and cordate in only one tree (Table 8a and Appendix- . 

III). 

4.2.4.2 Nut diameter (Fig.7): The extent of variation for nut diameter through sutu ,; .' 
- . : 

ranged from 23.83 mm (SS-11) followed by 23.93 mm in SS-15 to 34.97 mm(SS-

preceded by 34.79 min in SS·23. Whereas nut diameter perpendicular to suture was 

minimum (24.48 mrn) in 5S-1] and maximum (37.89 mm) in 5S-53. Mean values for 

nut diameter through sutur~ and nut diameter perpendicular to suture were 29.76 mm 
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Fig. 5: Variation in nut shape through suture 
1. Circular 3. Ovate 5. Triangular 7. Obovate 

2. Trapezoid 4. Elliptic 6. Broad elliptic 

Fig. 6 : Variation in nut shape perpendiclr to suture 

1. Circular 
2. Trapezoid 

3. Ovate 
4. Elliptic 



Table 5. Eltent of varialton in Dowering charaden (metric) of walnut trees of seedling origin 
In some villa !les of district Sirmour (KP.) 

Flrsc male Lu'male Ant remale Last remale 
Duration of Duration of Degree of 

S.lectinn :"lo. blnom d.te bloom dale bloomdale bloom date 
male hln.,m remale hlno", tlichog,uny 

(days) (days) (o/~) 

55-I 23/3 • 3/4 2913 5/4 12 8 25 .00 

Ss. 2 2/4 ' 10/4 9/4 20/4 9 12 10.:n 
5S. 3 2/4 • 13/4 514 \7/4 12 B 30.77 

Ss. 4 29/3. 914 7/4 18/4 12 12 7500 

Ss. 5 28/3 7/4 4/4 16/4 11 13 69.23 

5S. 6 31d 8/4 6/4 16/4 9 II 72.73 

Ss. 7 8/~ \5/4 13/4 2114 8 9 66.67 

Ss. 8 31/3 814 6/4 20/4 9 15 80.00 

Ss. 9 6.'4 13/4 10/4 18i4 8 II 63 .64 

5S·10 .3 \/3 11/4 4/4 14/4 12 II 27.27 

55·11 J 1/3 7/4 5/4 14/4 8 10 70.00 

SS-12 3113 6/4 514 11/4 7 7 71.43 

5S-13 2&'3 8/4 114 10/4 12 10 20.00 

55·14 13/4 20/4 16/4 27/4 8 12 58.33 

5S-15 1114 20/4 16/4 22/4 10 7 2R.57 
5S·16 29/3 914 514 15/4 12 II 54.55 

SS-17 3/4 13/4 8/4 19/4 11 12 50.00 

SS-18 4/4 16/4 9/4 18/4 13 10 20.00 

SS-19 6/4 - 16/4 18/4 24/4 11 7 100.00 

SS-20 11/4 21/4 19/4 26/4 11 8 62 .50 

SS-21 30/3 10/4 914 16/4 12 8 75,00 

S5-22 29/3 12/4 8/4 19/4 IS 12 SID3 

SS-23 3/4 14/4 914 17/4 12 9 33.33 

5S-24 4/4 16/4 8/4 17/4 13 10 10.00 

SS-25 10/4 21/4 914 25/4 12 7 57. 14 

SS-26 .Hi3 1314 5/4 15/4 14 I I 18.18 

SS-27 31/3 12/4 514 15/4 13 11 27.27 

5S-28 1/4 1014 9/4 1514 11 7 71.43 

55·29 4/4 . 14/4 12/4 21/4 11 )0 70.00 

SS·30 1/4 10/4 914 19/4 11 11 81.82 

SS-31 3/4 12'4 9/4 19/4 10 12 6(1.67 

SS-32 30/ ) 9/4 . 8/4 17/4 II 10 80.00 

5S-33 4/4 10.14 11/4 18/4 7 7 100,00 

SS-34 31/3 11/4 9/4 17/4 12 9 66.67 

SS-J5 
(tim. . dl4 9/4 14/4 12 6 100.00 

~ - .-
SS-36 25/3 614 0/4 16/4 13 II 90.91 

5S-37 3113 6/4 514 1214 7 8 75.00 
t 

23/4 5S-38 4/4 17/4 14/4 14 10 60.00 

5S-39 29/3 514 4/4 17/4 8 14 85.71 

5S40 29/3 10/4 814 17/4 14 10 70.00 

SS-41 29/3 8/4 6/4 14/4 12 9 M.67 

5S-42 31/3 11/4 914 16/4 12 8 62.50 

SS-U l/4 11/4 914 17/4 II 9 66.67 

5S-44 24/3 414 4/4 1214 12 9 88 .89 

$S-45 2613 4.'4 9/4 19/4 10 II 100.00 

5S-46 28/3 614 8/4 22/4 10 15 100.00 

5S-47 3 I/~ 7/4 7/4 19/4 8 13 n .ll 
55-48 J 1/3 914 8/4 15/4 10 8 75.00 

5S-49 31/3 13/4 7/4 19/4 14 12 41 .67 

5S-50 2813 8/4 6/4 15/4 12 10 70.00 

5S-S1 1/4 15/4 314 17/4 15 15 13 .3.1 

SS-52 29/3 1114 2/4 14/4 14 13 23 .08 

S5-53 24/3 814 2813 10/4 16 14 14.29 

55-54 2&13 1114 31/3 14/4 15 15 20.00 

5S-55 2&'3 10/4 31/3 1214 14 13 15.38 

S5-56 14/4 2114 19/4 26/4 8 8 62.50 

5S-57 :4/4 21/4 20/4 27/4 8 8 75.00 

Mean 11.2 I 10.39 59.89 

S .D 2.29 2.35 26.05 

C oVllriWlce(G .. . ) 20.45 22 .58 43 .49 

S5 Sinnour Sclccltcm 



Table 6: Extent of ,"ariation in flowering characters (non-metri~) of walnut trees of seedling origin in some villages of district Sinnour (H.P.) 

~ Nature or dichogamy Bearing habit Female flower abwtdance Stigma colour 
Hull pusisten« Hull dehiscence 

after nut faU 
Estent 

Homogamous! Protandrous Slight I Moderate ofnriation Terminal Light Intermediate Heavy Yellow Green Red Dehiscent Slightly deruscent , . 

Frequency 9 1 48 57 )6 3) )0 31 5 21 39 18 43 14 

~nurnber of 
, 
I 

~ees) 
I 
, , I 

Percentage 15.78 ! 84.20 100 28.07 54.39 

I 
11.54 54 .39 8.77 36.84 68.42 I 31.58 75.44 24.56 

K%) I I i 
_.-L-- ~ __ _ _ 1 



and 31 .34 mm, respectiveJy with corresponding vaJues of covariance as 8.66 and 9.27 

per cent (Table 7). 

4.2.4.3 Nut length (Fig.7): Minimum nut length (26.27 mm) was recorded in SS-27 

and maximum (44.08 mm) was in SS-52. Mean and covariance values for nut length 

were recorded as 34.39 mm and 12.45 per cent, respectively (Table <Sa). 

4.2.4.4 Shell texture (Fig.7): Shell texture was observed as smooth, intermediate, 

rough and very rough in nuts of three, 28, 19 and seven trees, respectively (Table 8a 

and Appendix-III). 

4.2.4.5 Shell colour: Colour of shell of nuts was observed to be very light in two trees, 

light in 19 trees, medium in 25 trees, dark in 9 trees and very dark in two trees (Table 

8b and Appendix-III). 

4.2.4.6 Shell seal: Data presented In Table 8b Appendix-III depicted that nuts of 

maximum trees (32) were having strong shell seal followed by medium shell seal (18 

trees) and weak shell seal in seven trees. 

4.2.4.7 Shell strength: The perusal of data from Table 8b and Appendix-III showed 

that shell strength varied from strong, medium and weak in 38, 16 and three trees, 

respectively. 

4.2.4.8 Shell integrity: No variation was recorded for shell integrity and nuts of all the 

57 selected trees showed complete shell integrity (Table 8b and Appendix-III). 

4.2.4.9 Shell thickness: The perusal of data from Table 7 showed that shell thickness 

varied from 1.61 nun (SS-12) to 3.02 nun (SS-43) . Mean and covariance values were 

recorded as 2.16 mm and 15 .33 per cent, respectively. 

4.2.4.10 In-shell nut weight: The lowest in-shell nut weight was observed in SS-43 

(6.75 g) and highest in SS-57 (16.1 g). Mean and covariance values were recorded as 

10.69 g and 20.59 per cent, respectively (Table 7). 
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".2.".11 Kernel colour (Fig.S): Colour of kernels wa~ ohscrvcd to he ""ry light 

brown li'Zht brown, medium and dark brown ;n 2, 22, 20 and 13 trees, respectively , ... 

(Table 8c and Appendix-Ill). 

4.2.4.12 Kernel percentage: The minimum kernel percentage (2R .64%) was observed 

in SS-28 followed ~y 28.89 per cent in SS-) and maximum kerneJ percentage 

(53 .55%) was observed in SS-49. Mean and covariance values were recorded as 40.58 

per cent and 11.99 per cent, respectively (Table 7). 

4.2.4.13 Kernel weight: Kernel weight varied from 2.26 g (SS-I) followed by 2.65 g 

(S S-l I) to 6.8 g in S S-5 1 preceded by 6.6 g in SS-] 7 (Table 7). Mean and covariance 

values were 4.35 g and 24 .99 per cent, respectively. 

4.2.4.14 Kernel veins: The percentage of kernel veins was 5.0, 10.0, 20.0 and 40.0 in 

7, 23, 24 and 3 trees, respectively (Table 7), with 15.02 per cent mean and 55.23 per 

cent covariance. 

4.2.4.15 Kernel fill: Moderately and well filled kernels were observed in 15 and 4 I 

trees, respectively with only SS-20 · having thirty filled kernels (Table 8e and 

Appendix-III). 

4.2.4.16 Kernel plumpness: Kernels of 33 trees showed moderate · plumpness 

whereas, thin plumpness was observed in 24 trees (Table 8c and Appendix-Ill) . 

4.2.4.17 Ease of removal of kernel halves: Data from Table 8c and Appendix-1I1 

depicted that nuts of 31 trees were having moderate kernel removal followed by 15, 

nine aod two trees ' having easy, difficult and very difficult kernel removal, 

respectively. 

I 
4.2.4.18 Kernel shrivel: As many as 26 trees produced nuts with shrivelled kernels 

varying between 5 and 30 per cent (Table 7). The remaining 31 trees, exhibited no 

shrivelled kernels in their nuts. Mean and covariance values were recorded as 7.28 per 

cent and] 35 .57 per cent, respectively (Table 7), 
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Fig. 7: Variation in nut size and shell texture 

Fig .. tion in kernel colour 



4.3 CHEl\-IICAL ANALYSIS 

4.3.1 Kernel Protein 

The perusal of data from Table 7 showed that protein percentage varied 9.00 

per cent in SS-8 to 17.36 per cent in SS-56. Mean and covariar.ce values were 

recorded as 1 ] .97 per cent and 12.14 per cent, respectively. 

4.3.2 Kernel Fat 

The minimum fat percentage (32.70%) was observed in SS-54 and maximum 

(68.700/0) in SS-43. Mean and covariance values for kernel fat were recorded as 50.28 

per cent and 13 .55 per cent, respectively (Table 7). 

4.4 POMOLOGICAL DESCRIPTION OF WALNUT TREE SELECTIONS 

The pomological description of all the 57 selected walnut trees of seedling 

origin is given as under: 

55-l 

Tree semi-erect; branching medium; yield (4.50 kg/tree); yield efftciency(O.O 19 

kglcm2). Protandrous~ terminal bearer; slight hull persistence aner nut thll; leafing 

time (30th March). Nut circular in shape both through suture and perpendicular to 

suture; shell texture medium~ shel1 colour light~ shell. seal intermediate; shell thickness 

(1.80 mm); nut weight (8.70 g); moderate kernel removal; kernel percentage 

(28.890/0); kernel fill moderate; kernel veins (10%); kernel colour medium; kernel 

protein (10.910/0) and kernel fat (50.50%). 

55-2 

Tree semi-erect; branching sparse; yield (26.00 kg/tree); yield efficiency 

(0.266 kglcm2). Protandrous, dichogamy (83.33%); terminal bearer; slight hull 

persistence after nut fall; leafing time (1st April). Nut circular in shape through suture 
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as well as perpendicular to suture; shell texture smooth~ shell colour medium: shell 

seal strong; shell thickness (2.24 mm); nut weight (11.05 g); moderate kernel removal~ 

kernel percentage (46.25%); kernel fill well; kernel veins (20%); kernel colour 

medium; kernel percentage (45 . 25%)~ kernel protein (12.69%) and kernel Hu 

(46.40%). 

SS-J 

Tree semi·erect~ branching dense; yield (10.75 kg/tree); yield efficiency (0.030 

kg/cm2). Protandrous; terminal bearer; slight huH persistence after nut fall; leafing 

time (1st April) . Nut ovate in shape through suture; nut trapezoid in shape 

perpendicular to suture; shell texture intermediate; shell colour light; shell seal strong; 

shell thickness (2.06 mm); nut weight (8.70 g); easy kernel removal; kernel till well; 

kernel veins (200/0); kernel colour medium; kernel percentage (43.10%), kernel protein 

(10.29%) and kernel fat (59.85%). 

SS-4 

Tree spreading; branching dense; yield (10.50 kg/tree); yield efficiency (0.075 

kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (22nd March) .. Nut circular in shape through suture and ovate in shape 

'. perpendicular to suture; shell texture medium; shell colour medium; shell seal weak; 

shell thickness (2.21 mm)~ nut weight (9.50 g); moderate kernel removal; kernel 

percentage (35.79%); kernel fill well; kernel veins (100/0); kernel colour dark; kernel 

protein (14 .54%) and kernel fat (46.50%). 

8S-5 

Tree semi-erect; branching dense; yield (13.25 kg/tree); yield efficiency (0.030 

kg/cm2). Protandrous~ terminal bearer; moderate hull persistence after nut fall; leafing 

time (22nd March). Nut elliptic in shape through suture and circular in shape 

perpendicular to suture; shell texture medium; shell colour medium; shell seal strong; 

shell thickness (1 .75 mm); nut weight (10.30 g); moderate kernel removal; kernel 
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Table 1. Eltfnl of variation in nut and kemel characters (metric) of walnut trees of seedling 
j' . orl2U' ID lome villages of district Sirmour (H. P.) 

~IKtion ~o. 
Nut tlbunrtet (hU1l) Nut Shell In .h~U 

K~mel 
Ktmel Kemrl ShriveUed Pruteln Fat 

thrvudt pnprndlcular lencth thldmeu nut weicht vrw 
.utu~ to .ulare (hU1l) (mm) w~lpt (I) 

pucentace 
(I!) • (e/e) 

bmrl (./.) W·) W.) 

SS- I 27.87 26.12 30.36 1.80 8.70 28.89 2 .~6 10 0 10.91 50.50 

SS- 2 31.37 32.79 lS.49 2.24 11 .05 45.25 5.00 20 15 12.69 46.40 

SS- 3 32.15 31.26 36.40 2.06 8.70 43.10 3.75 20 25 10.29 59.85 

SS- 4 28.20 31.98 36.10 2.21 9.50 35.79 3.40 10 30 14.54 46.50 

SS- S 29.00 . 29.21 33.89 I." 10.30 41.7S 4.30 S 5 12.58 50.40 

SS-6 31.45 30.29 )).)8 2.24 10.9' 44.29 4.86 5 0 13.39 44.115 

SS-7 29.46 33.65 lS.7,) 1.89 IUS 42.116 4.95 20 0 14.69 47.00 

SS-8 27.25 28.'0 31.29 1.97 9.65 31.09 3.00 5 0 9.00 57.10 

SS-9 26.35 30.75 30.14 1.71 8.60 38.95 3.35 20 30 11.87 54.45 

SS-IO 27.77 30.78 35.09 1.90 10.75 43.72 4.70 20 10 12.02 43.80 

SS·11 23.M3 24.4lC 21C.36 2.08 8.50 31.18 2.6S 10 0 10.65 54.45 

5S·12 25 .73 26.3S 29.K4 1.61 7.KO )K.46 3.00 to 20 12.65 41 liS 

55-13 27.94 JI.96 31.48 2.56 11.30 42.04 4.7S 10 0 11.21 H,45 

SS·14 211.53 28.34 29.46 1.98 8.30 39.76 3.30 10 0 11.J7 51.80 

SS·IS 2:1 .93 2,). KS 211.04 2.04 7.40 39.19 2.90 20 0 12.6S 46.95 

SS·16 25.93 29.36 30.72 1.69 7.0' 43.26 3.05 20 0 11.72 47.4S 

SS·17 30.25 33.89 41.39 2.24 !s.25 43.28 6.60 20 0 12.10 48.4' 

SS-18 29.23 28.81 34.11 1.96 9.05 37.51 3.40 10 10 11 .39 48.0~ 

SS·19 31.28 32.63 32.01 2.23 ) 1.85 43.88 S.20 40 0 12.32 42.0~ 

SS·20 %lC.3~ 3l.20 34.79 2.S9 10.75 41.K6 4. ~O \0 0 11.99 54.7S 

S5-21 2S.84 25.29 31.75 2.13 8.S0 36.47 3.10 10 10 10.43 51.3~ 

SS-22 2"7.83 26.35 30.65 2.09 7.30 37.67 2.7$ 10 0 11.26 Sl.2~ 

SS·23 34.79 33 .14 39.36 1.99 10.00 38.00 3.80 20 0 lUll 41)1)0 

SS-24 33 .94 35.64 36.29 1.98 )2.90 39.15 S.OS 20 IS 11.32 49.35 

5S-2S 34.97 34.89 30.45 2.19 12.95 37.07 4.80 10 10 12.20 41.4~ 

SS-26 26.24 26.71 29.26 1.97 9.60 44.27 4.2~ ~ 0 12. 17 39.75 

SS-27 30.8S 31.64 26.27 2.05 9.40 40.43 3.80 10 0 10.95 50.25 

S5-28 29.92 33.72 38.26 2.13 11.00 21.64 3. IS 20 0 1\.99 49.45 

SS-29 29.36 29.84 42.17 2.86 10.90 43.5tt 4.15 10 0 10.84 52.95 

SS-30 29.85 30.4~ 30.49 2.59 10.SS 44.5.5 4.70 10 0 10.61 S3.30 

5S-31 28.26 28.43 32.00 1.86 9.90 4.5.96 4.55 10 0 9.89 52.40 

SS-32 29.16 31.84 32.24 2.57 13.75 40:00 5 . .50 10 0 10.06 .53.60 

SS-33 29.83 31.86 36.62 1.71 8.70 42.SJ 3.70 5 10 10.83 64.35 

SS-34 29.70 30.39 32.71 2.02 10.20 37.25 3.10 10 20 11.80 53.20 

SS-35 32 . ~0 35 .21 33.62 1.12 13.05 39.08 '.10 20 0 12.teS 60.4S 

SS-36 34.47 35.86 40.03 2.01 14.30 40.56 5.80 20 0 13.69 47.50 

SS-37 29.64 30.68 33.53 2.12 10.95 40.18 4.40 20 10 12.19 53.45 

SS-.l8 30.16 31.93 34.45 1.92 8.20 47.56 3.90 40 30 10.65 62.20 

SS-39 29.99 3$.4~ 3 J.6S 2.36 12.65 33.60 4.25 20 0 14.29 39.65 

SS-40 211.69 30.01 36JI( 2. IS 9.75 4~ . \3 4.40 20 2S IUO nos 
SS-41 30.46 32.14 34.27 1.94 12.30 41.87 5. IS 10 0 12.65 45.95 

SS-42 29.83 34.47 31.49 2.2S 12.40 37.50 4.65 5 5 14.25 43.30 

55-43 25.82 27.62 33.82 3.02 6.1S 40.74 2.75 20 IS 12.92 68.70 

SS-44 29.74 ~0.79 28.1~ 1.92 9.30 47.31 4.40 40 10 12.32 50.25 

S5-45 29.74 30.79 33.43 2.36 10.05 39.80 4.00 20 .5 11.13 47.00 

SS-46 32.44 35.97 37.6S 2.0" 14.45 42.91 62U 2(J S ~ . 'I4 5-'-60 

SS-47 29.41 31.1 I! 32.11 2.24 8.80 40.34 3.SS 20 30 II .RO H,66 

SS-t8 28.39 29.29 2K.98 2.65 9.00 30.56 2.75 10 25 12.09 47.15 

SS-t9 30.13 3\.24 39.69 2.09 9.15 B.55 4.90 20 5 14.76 36.1<0 

SS-50 29.10 29.84 31.83 2.04 11.70 38.89 4.55 5 20 10.09 511.40 

SS-51 32.80 36.14 37.57 2. 17 14.65 46.42 6.80 20 0 12.71 66.50 

SS·S2 n.:.\K 32.77 44.08 2.21 \3.10 45.(0 6.05 to 0 1\ AR 4\.10 

5S-53 32.64 ~7 . 89 43.12 2.26 1l.35 47.14 S.3S 10 0 II. 2~ 53.25 

SS-54 31.89 33.61 36.76 2.88 13.65 44.69 6.10 10 20 13.51l 32.70 

5S-55 n.\S 32.52 43.09 2.03 14.00 44.64 6.25 20 0 12.39 SO.7S 

SS-56 32.59 33.48 40.88 1.96 11.15 35.53 3.80 10 0 17.36 39.S5 

5S-57 34.17 34.92 40.88 2.98 16.10 38.51 6.20 10 0 IO.S4 54.6S 
r· -

Mean 29.76 31.34 34.39 2.16 10.69 40.58 4.35 15.02 7.28 11 .97 50.211 

~ . n UK %.91 42R o.n 220 4.R6 1.09 8.29 ? 1<7 145 tiM? 

('onrlan.:e(e.) K.6b 9.27 12.4S In) 20 . ~9 lIt}? 24 .'.19 55.23 IJ~J7 1214 13. ~~ .. .' S5 .. Sirmour SeJe~'lon 



~ 
Nutshare through suture Nut share rerpenJicular to suture 

txtcn Cin;ular Trarezoid Ovate Elliptic Triangular Broad elliptic Obovllte Circular Trapezoid Ovate Elliptic ! Obuviltc Cordlltc 
~t" variation I 
frequcn~y 17 5 18 9 3 4 I 23 16 8 6 I -' I 
~ .... mberof 
~rec5) 
I 

-Percentage 29.1U 8.77 31.58 15.79 5.26 7.02 1.75 40.35 28.07 14.04 10.53 5.26 1.75 
:rt.) 

--- . . - ------. 

.. - ----- --- -- - --- - ---- - ''"---- ------ -- -- .. ------ -- --- -- ---_._ ..... _ ........... -_ ... - -_._ ......... - _. .... ~- ...... -- -- ---- .... ,-_ .. - ., 

~ 
Shell colour Shell stren~~h Shell integrity Shell texture Shell Sell) 

I I 

Eltent ~;~ Light I Medium Dark 
Very 

Strong Medium Weak Complete Smooth Intermediate Rough Very IStre Medium Weak 
of vari_lion dark rough I ng 

---.. _-
!r-requency 

I 
2 19 I 25 9 2 38 16 3 57 3 28 19 7 32 18 7 

nwnber of 
~ees) 

!Percentage 3.51 33 .33 43.86 15 .79 3.51 66.67 28.07 5.26 100 5.26 49.12 33.33 12.28 56.14 31.58 12.28 
%) I 

: Extent of variation in kernel characters 
r-":"'-:;-.::...l.=-";'-=':~ 

Kernel colour Kernel fill I Ease of remo,·aI of kernel hah·es 
p umpness 

Extent of v ariatio~ Dark I McDum I Light 1=' \ Wei Moder_: nm MOOer£ llin Fay M<xkr.Ii! Difcdt d~:1t 
Frequency 
(number of trees) 

Percentage (%) 

1 

13 20 

22.81 35.09 

22 2 41 

I 

38.59 13 .511 71.93 
1 

15 1 33 24 15 31 9 2 

26.32 1.75 57.90 42.10 26.32 54.39 15 .79 3 .50 

I 

1 

I 

I 
1 

1 

I 
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percentage (41. 750/0); kerne( fill well; kernel veins (50/0): kernel colour dark; kernel 

protein (12.58 %
) and kernel fat (46.500;(,). 

SS.6 

Tree semi-erect; branching dense; yield (8.20 kg/tree); yield efficiency (0.092 

kglcm2). Protandrous; terminal bearer; moderate hull persistence after nut fall; leafing 

time (25th March). Nut circular in shape both through suture and perpendicular to 

suture; shell texture rough; shell colour medium; shell seal intermediate; shell 

thickness (2.24 mm); nut weight (10.95 g); easy kernel removal; kernel percentage 

(44.29%); kernel fill well; kernel veins (5%); kernel colour light; kernel protein 

(J 3.39%) and kernel fat (44.850/0). 

55-7 

Tree erect; branching sparse; yield (4.75 kg/tree); yield efficiency (0,074 

kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (5th April). Nut elliptic in shape through suture and circular in shape 

perpendicular to suture; shell texture medium; shell colour light; shell seal strong; 

shell thickness (1.89 mm); nut weight (11.55 g); moderate kernel removal; kernel 

percentage (42 .86%); kernel fill well; kernel veins (200/0); kernel colour dark; kernel 

protein (14.69%) and kernel fat (47.00%). 

SS-8 

Tree spreading; branching dense; yield (8.00 kg/tree); yield efficiency (0.105 

kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (25th March). Nut circular in shape both through suture and perpendicular to 

suture; shell texture medium~ shell colour medium; shell seal strong~ shell thickness 

(1.97 rnm)~ nut weight (9.65 g)~ difficult kernel removal; kernel percentage (31 .09%); 

kernel fill moderate; kernel veins (5%)~ kernel colour very light; kernel protein 

(9 .00%
) and kernel fat (57.100/0). 
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SS-9 

Tree semi-erect; branching medium; yield (14 .0 kg/tree); yield efficiency 

(0.055 kg/cm2). Protandrous; terminal bearer~ slight hull persistence after nut fall; 

leafing time (4th April). Nut circular in shape both through suture and perpendicular to 

suture~ shell texture. rough; shell colour medium; shell ' seal intermediate; shell 

thickness (1.71 mm); nut weight (8 .6 g); moderate kernel removal; kernel percentage 

(38 9S%)~ kernel fill well; kernel veins (200/0); kernel colour medium; kernel protein 

(11 .87%
) and kernel fat (54.450/0). 

SS-IO 

Tree semi~erect; branching medium; yield (19.5 kg/tree); yield efficiency 

(0.085 kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; 

leafing time (29th March). Nut ovate in shape through suture and circular in shape 

perpendicular to suture; shell texture rough; shell coiollr medi\lm; ~hel1 seal strong; 

shell thickness (1:90 mm); nut weight (10.75 g); easy kernel removal; kernel 

percentage (43.72%); kernel fill well; kernel veins (20%); kernel colour light; kernel 

protein (12.02%,) and kernel fat (43.800/0). 

SS-11 

Tree spreading; branching dense; yield (10.50 kg/tree)~ yield efficiency (0.045 

kg/cm2). Protandrous; terminal bearer; moderate hull persistence after nut fal1~ leafing 

time (28th March). Nut circular in shape through suture and trapezoid in shape 

perpendicular to suture~ shell texture medium; shell colour light; shell seal 

intermediate; shell thickness (2.08 mm); nut weight (8.50 g); difficult kernel removal; 

kernel percentage (31. 180/0)~ kernel fill well; kernel veins (100/0); kernel colour dark~ 

kernel protein (10.650/0) and kernel fat (54.450/0). 

SS-12 

Tree semi-erect~ branching dense~ yield (8'.50 kg/tree); yield efficiency (0.054 

kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 
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time (28th March). Nut ovate in shape through suture and trapezoid in shape 

perpendicular to suture; shell texture medium; shell colour medium; shell seal strong; 

shell thickness (1 .61 mm)~ nut weight (7.80 g); moderate kernel removal; kernel 

percentage (38.46%»; kernel fill well; kernel veins (400/0); kernel colour dark; kernel 

protein (12 .65%
) and kernel fat (41.85%). 

SS-JJ 

Tree spreading; branching dense; yield (16.00 kg/tree)~ yield etliciency (O.039 

kg/cm2). Homogamous; terminal bearer; slight hull persistence after nut fall ; leafing 

time (20th March). Nut circular in shape both through suture and perpendicular to 

suture~ shell texture medium; shell colour light; shell seal strong; shell thickness (2 .56 

nun); nut weight (11.30 g); moderate kernel removal; kernel percentage (42.04%); 

kernel fill well; kernel veins (10%); kernel colour light; kernel protein (11.21%) and 

kernel fat (53.45%). 

SS-14 

Tree semi-erect; branching dense; yield (7.00 kg/tree); yield efficiency (0.022 

kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (10th April). Nut ovate in shape through suture and trapezoid in shape 

perpendicular to suture; shell texture rough; shell colour very dark~ shell seal strong; . 
shell thickness (1.98 mm); nut weight (8.30 g); moderate kernel removal; kernel 

percentage (39.76%); kernel fill well; kernel veins (10%); kernel colour light; kernel 

protein (11 . 17%
) and kernel fat (51 .80%). 

SS-15 

Tree spreading; branching dense; yield (10.00 kg/tree); yield efficiency (0.019 

kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (8th April). Nut ovate in shape through suture and circular in shape perpendicular 

to suture~ shell texture medium; shell colour medium; shell seal intermediate; shell 

thickness (2.04 mm)~ nut weight (7.40 g); moderate kernel removal; kernel percentage 
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(39190/o)~ kernel fill moderate~ kernel veins (20%); kernel colour dark; kernel protein 

(1265%
) and kernel fat (46.950/0). 

SS-16 

Tree spreading~ branching dense; yield (9.50 kg/tree); yield efficiency (0.015 

kg/cm2). Protandrous~ terminal bearer; slight hull persistence after nut fall; leafing 

time (20th March). Nut circular in shape both through suture and perpendicular to 

suture~ shell texture rough; shell colour medium; shell seal intermediate; shell 

thickness (1.69 mm); nut weight (7.05 g); moderate kernel removal; kernel percentage 

(43.26%)~ kernel fill well; kernel veins (200/0); kernel colour medium; kernel protein 

(11 .72%) and kernel fat (47.45%). 

SS-17 

Tree semi-erect; branching medium~ yield (15.20 kg/tree); yield efficiency 

(0.036 kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; 

leafing time (31 st March). Nut ovate in shape both through suture and perpendicular to 

suture; shell texture medium; shell colour medium; shell seal weak; shell thickness 

(2.24 mm); nut weight (15.25 g); moderate kernel removal; kernel fill well; kernel 

veins (20%); kernel colour light; kernel percentage (43.28); kernel protein (12.10%) 

and kernel fat (48.45%). 

SS-18 

Tree semi-erect~ branching dense; yield (18.00 kg/tree); yield efficiency (0.044 

kg/cm2). Homogamous; terminal bearer; moderate hull persistence after nut fall; 

leafing time (31 st March). Nut ovate in shape through suture and trapezoid in shape . 
perpendicular to suture; shell texture rough; shell colour dark; shell seal strong; shell 

thickness (1.96 mm)~ nut weight (9.05 g); moderate kernel removal; kernel percentage 

(37.57%); kernel fill moderate; kernel veins (10%); kernel colour light~ kernel protein 

(11.39%) and kernel fat (48.05%). 
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SS-19 

Tree spreading~ branching dense; yield (29.00 kg/tree); yield efficiency (0.044 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (3rd April). Nut circular in shape both through suture and perpendicular to suture; 

shell texture medium; shell colour light; shell seal intermediate; shell thickness (2.23 

mrn); nut weight (11.85 g); difficult kernel removal; kernel percentage (43.880/0); 

kernel fill well; kernel veins (40%); kernel colour dark; kernel protein (12 .32%) and 

kernel fat (42.05%). 

SS-20 

Tree spreading; branching dense; yield (14.50 kg/tree); yield efficiency (0.022 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall ; leafing 

time (5th April). Nut obovate in shape both through suture and perpendicular to 

suture; shell texture medium; shell colour medium; shell seal weak; shel1 thickness 

(2.59 mm); nut weight (f O. 75 g); difficult kernel removal; kernel percentage 

(41. 860/0); kernel fill thin; kernel veins (10%); kernel colour light; kernel protein 

(11.99%) and kernel fat (54.75%). 

SS-ll 

Tree spreading; branching dense; yield (8.20 kg/tree); yield efficiency (0.015 

kglcm2). Protandrous; terminal bearer; moderate hull persistence after nut fall; leafing 

time (21st March). Nut elliptic in shape both through suture and perpendicular to 

suture; shell texture medium; shell colour medium; shell seal strong; shell thickness 

(2.23 mm); nut weight (8.50 g)~ medium kernel removal; kernel percentage (36.47%)~ 

kernel fill well; kernel veins (10%); kernel colour medium; kernel protein (10.43%) 

and kernel fat (51 .35%). 

SS-22 

Tree spreading; branching medium; yield (6.50 kg/tree); yield efficiency 

(0.022 kglcm2). Protandrous~ terminal bearer; slight hull persistence after nut fall ; 
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leafing time (27th March). Nut ovate in shape both through suture and perpendicular 

to suture~ shell texture medium~ shell colour light; shell seal strong; shell thickness 

(2 .09 mm); nut weight (7.30 g)~ difficult kernel removal; kernel percentage (37.670/0); 

kernel fill well~ kern~1 veins (1 O%)~ kernel colour light; kernel protein (11.26%) and 

kernel fat (51.25%). 

SS-23 

Tree spreading; branching dense; yield (46.00 kg/tree); yield efficiency (0.193 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall~ leafing 

time (2nd April) . Nut triangular in shape through suture and trapezoid in shape 

perpendicular to suture~ shell texture rough; shell colour dark; shell seal strong; shell 

thickness (1.99 mm); m.it weight (10.00 g); moderate kernel removal; kernel 

percentage (38 .000/0); kernel fill well; kernel veins (20%); kernel colour dark; kernel 

protein ( I 1. 58%
) and kernel fat (49.900/0). 

Tree spreading; branching dense; yield (51.50 kg/tree); yield efficiency (0.053 

kglcm2). Near homogamous; terminal bearer; slight hull persistence after nut fall; 

leafing time (30th March). Nut trapezoid in shape both through suture and 

perpendicular to suture; shell texture rough; shell colour dark; shell seal intermediate; 

shell thickness (1. 98 mm); nut weight (12.90 g); moderate kernel removal; kernel 

percentage (39.15%); .kernel fill moderate~ kernel veins (20%)~ kernel colour dark; 

kernel protein (11.320/0) and kernel fat (49.35%). 

Tree spreading~ branching den'se; yield (18.00 kg/tree); yield efficiency (0.014 

kglcm2). Protandrous~ terminal bearer~ slight hull persistence after nut fall; leafing 

time (4th April). Nut circular in shape through suture and trapezoid in shape 

perpendicular to suture~ shell texture very rough; shell colour dark; shell seal strong; 

shell thickness (2.19 mm)~ nut weight (12.95 g)~ difficult kernel removal~ kernel 
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percentage (3 7 . 07%)~ kernel fill well~ kernel veins (1 O%)~ kernel colour medium; 

kernel protein (12.20%) and kernel fat (47.450/0). 

SS-26 

Tree spreading; branching dense~ yield (53 .00 kg/tree); yield efficiency (0.029 

kglcm2). Homogamous; terminal bearer; moderate hull persistence after nut fall~ 

leafing time (25th March). Nut elliptic in shape both through suture and perpendicular 

to suture~ shell texture rough; shell colour medium; shell seal strong; shell thickness 

(1. 97 mm)~ nut weight (9.60 g); easy kernel removal; kernel percentage (44 .270/0) and 

kernel fat (39.750/0). 

SS-27 

Tree spreading; branching dense; yield (42.50 kg/tree); yield efficiency (0.024 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (26th March). Nut circular in shape both through suture and perpendicular to 

suture; shell texture rough; shell colour medium; shell seal intcrmediatc~ shell 

thickness (2.05 nun); nut weight (9.40 g); moderate kernel removal; kernel percentage 

(40.430/0); kernel fill well; kernel veins (10%); kernel colour light; kernel protein 

(10.95%) and kernel fat (50.25%). 

SS-28 

Tree spreading; branching dense; yield (11.50 kg/tree); yield efficiency (0.021 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (4th April). Nut elliptic in shape both through suture and perpendicular to suture; 

shell texture medium; shell colour dark; shell seal strong; shell thickness (2.13 mm); 

nut weight (11.00 g); difficult kernel removal~ kernel percentage (28.640/0); kernel fill 

moderate; kernel veins (20%)~ kernel colour medium; kernel protein (I 1.99%) and 

kernel fat (49.450/0). 
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SS.29 

Tree spreading; branching dense; yield (21.00 kg/tree); yield efficiency (0.043 

kglcm2). Protandrous; terminal bearer~ slight hull persistence after nut fall~ leafing 

time (30th March). nut elliptic in shape both through suture and perpendicular to 

suture; shell texture smooth; shell colour light; shell seal weak; shell thickness (2 .86 

mm); nut weight (10.90 g)~ easy kernel removal; kernel percentage (43.580/0); 'kernel 

fill well; kernel veins (20%); kernel colour dark; kernel protein (10.84%) and kernel 

fat (52.95%). 

SS-30 

Tree semi-erect; branching medium~ yield (10.50 kg/tree); yield efficiency 

(0055 kg/cm2). Protandrous~ terminal bearer; moderate hull persistence after nut fall; 

leafing time (27th March). Nut trapezoid in shape through suture and ovate in shape 

perpendicular to suture; shell texture rough; shell colour light; shell seal intermediate; 

shell thickness (2 .59 mm); nut weight (10.55 g); moderate kernel removal; kernel 

percentage (44.55%); kernel fill well; kernel veins (10%); kernel colour medium; 

kernel protein (l 0.61%) and kernel fat (53 .30%). 

55-31 

Tree semi-erect; branching dense yield (22.00 kg/tree); yield efficiency (0.102 

kg/cm2). Protandrous; tenninal bearer; slight hull persistence after nut faJJ; Jeafing 

time (1st April). Nut elliptic in shape both through suture and perpendicular to suture~ 

shell texture medium; shell seal strong; shell thickness (1.86 mm); nut weight (9.90 g); 

easy kernel removal~ .kernel fill well; kernel veins (10%); kernel colour medium; 

kernel percentage (45.96%); kernel protein (9.89%) and kernel fat (52.40%). 

SS-32 

Tree semi-erect~ branching medium; yield (14.50 kg/tree); yield efficiency 

(0.029 kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; 

leafing time (2nd April) . Nut ovate in shape through suture and circular in shape 
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perpendicular to suture~ shell texture rough~ shell colour medium~ shell seal 

intermediate; shell thickness (2.57 mm); nut weight (13 .75 g); very difficult kernel 

removal; kernel percentage (40 . 00%)~ kernel fill moderate; kernel veins (100/0); kernel 

colour light~ kernel protein (10.66%) and kernel fat (53 .60%). 

SS-33 

Tree semi-erect; branching dense; yield (7.00 kg/tree)~ yield efficiency (0.017 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (3rd April). Nut elliptic in shape through suture and obovate in shape 

perpendicular to suture; shell texture medium; shell colour light; shell seal 

intermediate~ shell thickness (1.71 mm); nut weight (8.70 g); moderate kernel 

removal~ kernel percentage (42.53%); kernel fill moderate; kernel veins (50/0); kernel 

colour light; kernel protein (10.83%) and kernel fat (64.35%). 

SS .. 34 

Tree spreading; branching dense; yield (12.00 kg/tree); yield efficiency (0.022 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (26th March). Nut ovate in shape through suture and trapezoid in shape 

perpendicular to suture; shell texture rough; shell colour medium; shell seal strong; 

shell thickness (2.02 mm); nut weight (10.20 g)~ moderate kernel removal; kernel 

percentage (37.25%)~ kernel fill moderate; kernel veins (l0%); kernel colour dark; 

kernel protein (11.80%) and kernel fat (53.200/0). 

SS-35 

Tree spreading; branching medium; yield (8.50 kgltree)~ yield efficiency 

(0.010 kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; 

leafing time (19th March). Nut triangular in shape through suture and cordate in shape 

perpendicular to suture; shell texture rough; she)) colour medium; shell seal 

intermediate; shell thickness (1. 7~ mm)~ nut weight (13 . 05 g)~ easy kernel rClllovut 
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kernel percentage (39.080/0); kernel fill well; kernel vems (200/0); kernel colour 

medium; kernel protein (12 .85%) and kernel fat (60.450/0). 

SS-J6 

Tree spreading; branching dense; yield (9.00 kg/tree); yield efficiency (0.014 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (l9th March). Nut broad elliptic in shape through suture; nut elliptic in shape 

perpendicular to suture; shell texture medium; shell seal medium; shell thickness (2.07 

mm); nut weight (14.30 g); easy kernel removal; kernel fill moderate; kernel veins 

(200/0); kernel colour medium; kernel percentage (40.560/0); kernel protein (13 .690/0) 

and kernel fat (47.50%). 

SS-J7 

Tree spreading; branching dense; yield (6.50 kg/tree); yield efficiency (0.013 

kglcm2). Protandrous; terminal bearer; moderate hull persistence after nut fall; leafing 

time (24th March). Nut ovate in shape through suture and circular in shape 

perpendicular to suture; shell texture medium; shell colour medium; shell seal strong; 

shell thickness (2. 12 mm); nut weight (10.95 g); easy kernel removal; kernel 

percentage (40.18%); kernel fill moderate; kernel veins (20%); kernel colour medium; 

kernel protein (12.19%) and kernel fat (53.450/0). 

SS .. J8 

Tree spreading; branching dense; yield (5.50 kg/tree); yield efficiency (0.019 

kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (31 st March). Nut ovate in shape through suture and circular in shape 

perpendicular to suture: shell texture medium; shell colour light~ shell seal strong; 

shell thickness (1.92 mm); nut weight (8.20 g); difficult kernel removal; kernel 

percentage (47.56%); kernel fill well; kernel veins (400/0); kernel colour dark; kernel 

protein (10.650/0) and kernel fat (62.20%). 
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55-39 

Tree spreading; branching dense; yield (18.00 kg/tree); yield efficiency (0.034 

kglcm2). Protandrous; terminal bearer~ moderate hull persistence after nut fall; leafing 

time (26th March). Nut circular in shape both through suture and perpendicular to 

suture; shell texture medium~ shell colour medium~ shell seal strong; shell thickness 

(2 .36 nun); nut weight (12.65 g); moderate kernel removal~ kernel percentage 

(33.60%); kernel fill moderate; kernel veins (20%); kernel colour dark; kernel protein 

(14.25%) and kernel fat (39.65%). 

SS-40 

Tree spreading; branching dense~ yield (37.00 kg/tree); yield efficiency (0.059 

kg/cm2). Protandrous; terminal bearer; moderate hull persistence after nut fall; leafing 

time (26th March). Nut trapezoid in shape both through suture and perpendicular to 

suture; shell texture medium; shell colour light; shell seal strong; shell thickness (2 .15 

mm); nut weight (9.75 g); moderate kernel removal; kernel percentage (45.13%); 

kernel fill wen; kernel veins (20%); kernel colour medium; kernel protein (11.50%) 

and kernel fat (51 .05%). 

SS-41 

Tree spreading; branching dense; yield (9.50 kg/tree); yield efficiency (0.014 

kg/cm2). Protandrous; terminal bearer; moderate hull persistence after nut fall~ leafing 

time (2nd April). Nut tapezoid in shape both through suture and perpendicular to 

suture; shell texture medium~ shell seal strong~ shell thickness (1. 94 mm)~ nut weight 

(12.30 g); moderate kernel removal; kernel fill well~ kernel veins (10%). Kernel colour 

Iight~ kernel percentage (41 .87%); kernel protein (12.65%) and kernel fat (45.95%). 

S5-41 

Tree semi-erect; branching sparse; yield (3.50 kg/tree)~ yield efficiency (0.012 

kglcm2). Protandrous; terminal bearer; moderate hull persistence after nut fall; leafing 

55 



lime (3rd April). Nut circular in shape both through suture and perpendicular to suture; 

shell texture very rough; shell colour dark~ shell seal strong; shell thickness (2.25 

mm)~ nut weight (12.40 g); moderate kernel removal~ kernel percentage (37.S0%)~ 

kernel fill well~ kernel veins (50/0); kernel colour very light; kernel protein (14.25%) 

and kernel fat (43.30%). 

SS-43 

Tree semi-erect~ branching medium~ yield (4.50 kg/tree); yield efficiency 

(0023 kglcm2). Protandrous; tenninal bearer; slight hull persistence after nut fall; 

leafing time (5th April) . Nut ovate in shape both through suture and perpendicular to 

suture~ shell texture smooth; shell colour medium; shell seal strong; shell thickness 

(3 .02 mm); nut weight (6.75 g); moderate kernel removal; kernel percentage 

(40.74%); kernel fill well; kernel veins (20%); kernel colour medium; kernel protein 

(12.92) and kernel fat (68.70%). 

SS-44 

Tree semi-erect; branching dense; yield (6.00 kg/tree); yield efficiency (0.016 

kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (20th March). Nut circular in shape through suture and trapezoid in shape 

perpendicular to suture; shell texture rough; shell colour medium; shell seal strong; 

shell thickness (l.92 mm); nut weight (9.30 g); moderate kernel removal; kernel 

percentage (47.310/0); kernel fill well; kernel veins (400/0); kernel colour dark; kernel 

protein (12.32%) and kernel fat (50.25). 

SS.45 

Tree semi-erect; branching medium; yield (5.S0 kg/tree); yield efficiency 

(0.026 kg/cm2). Protandrous; terminal bearer; moderate hull persistence after nut fall; 

leafing time (31st March). Nut circular in shape both thro~gh suture and perpendicular 

to suture; shell texture medium; shell colour medium; shell seal weak; shell thickness 

(2.36 mm); nut weight (10.05 g)~ easy kernel removal~ kernel percentage (39.80%)~ 
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kernel fill well; kernel veins (200/0); kernel colour dark~ kernel protein (11.13%) and 

kernel fat (47.00%). 

SS-46 

Tree spreading; branching medium~ yield (4.00 kg/tree); yield efficiency 

(0.0) I kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fan~ 

leafing time (26th March). Nut broad elliptic in shape through suture; nut circular in 

shape perpendicular to suture; shell texture rough; shell seal weak~ shell thickness 

(2.07 mm)~ nut weight (14.45 g); moderate kernel removal; kernel fill well ; kernel 

veins (20%)~ kernel colour dark; kernel percentage (42.91 010); kernel protein (9.94%) 

and kernel fat (54.60%). 

SS-47 

Tree spreading; branching medium; yield (2.75 kg/tree); yield efficiency 

(0.007 kg/cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; 

leafing time (5th April). Nut triangular in shape through suture and circular in shape 

perpendicular to suture; shell texture medium; shell colour light; shell seal strong; 

shell thickness (2.24 mm); nut weight (8.80 gk moderate kernel removal; kernel 

percentage (40.34%); kernel fill moderate; kernel veins (20%); kernel colour dark; 

kernel protein (11.80%) and kernel fat (52.66%). 

SS-48 

Tree semi-erect; branching medium; yield (3 .75 kg/tree); yield efficiency 

(0.021 kglcm2). Protandrous; terminal bearer; moderate hull persistence after nut fall; 

leafing time (27th March). Nut circular in shape both through suture and perpendicular 

to suture~ shell texture medium; shell colour light; shell seal intermediate~ shell 

thickness (2.65 mm); nut weight (9.00 g); difficult kernel remova1~ kernel percentage 

(30.56%); kernel fill moderate; kernel veins (10%); kernel colour dark~ kernel protein 

(12.09%) and kernel fat (47.15%) 
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SS-49 

Tree semi-erect~ branching medium; yield (6 .00 kg/tree); yield efficiency 

(0.018 kglcm2). Protandrous; terminal bearer; slight hull persistence after nut fall; 

leafing time (3rd April). Nut broad elliptic in shape through suture and circular in 

shape perpendicular to suture; shell texture rough; shell colour light; shell seal weak; 

shell thickness (2.09 mm); nut weight (9.15 g); moderate kernel removal; kernel 

percentage (53 .55%
); kernel fill wen; kernel veins (20%); kernel colour dark; kernel 

protein (14 .76°/0) and kernel fat (36.80%
) . 

SS-50 

Tree semi-erect; branching dense; yield (8.75 kg/tree); yield efficiency (0.044 

ks'cm2). Protandrous; terminal bearer; slight hull persistence after nut fall; leafing 

time (29th March). Nut ovate in shape both through suture and perpendicular to 

suture; shell texture rough; shell colour very light; shell seal strong; shell thickness 

(2 .04 mm); nut weight (11.70 g); easy kernel removal; kernel percentage (38.890/0); 

kernel fiU well; kernel veins (5%); kernel colour light; kernel protein (10.090/0) and 

kernel fat (58.400/0). 

SS-51 

Tree spreading; branching dense; yield (60.50 kg/tree); yield efficiency (0.008 

kg/cm2). Homogamous; moderate hull persistence after nut fall; leafing time (7th 

April). Nut tapezoid in shape both through suture and perpendicular to suture; shell 

texture medium; shell seal medium; shell thickness (2.17 mm)~ nut weight (14 .65 g); 

easy kernel removal~ kernel fill well; kernel veins (200/0); kernel colour light, kernel 

percentage (46.420/0); kernel protein (12.710/0) and kernel fat (66.50%). 

SS-52 

Tree spreading~ branching dense~ yield (40.50 kgltree)~ yield efficiency (0.013 

kglcm2). Homogamous~ terminal bearer; moderate hull persistence after nut fal1~ 
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leafing time (21 st March). Nut ovate in shape through suture; nut trapezoid in shape 

perpendicular to suture; shell texture very rough; shell seal strong; shell thickness 

(2 .22 mm); nut weight (13.20 g); moderate kernel removal; kernel fill well; kernel 

veins (100/0); kernel colour light; kernel percentage (45.83%); kernel protein (11.48%) 

and kernel fat (41.20%). 

SS-53 

Tree spreading~ branching dense~ yield (46.75 kg/tree); yield efficiency (0.012 

kg/cm2). Homogamous; terminal bearer; slight hull persistence after nut fall; leafing 

time (29th March). Nut ovate in shape both through suture and perpendicular to 

suture; shell texture rough~ shell seal medium; shell thickness (2.26 mm); nut weight 

(11. 35 g); easy kernel removal; kernel fill well; kernel veins (10%); kernel colour 

medium, kernel percentage (47.15%); kernel protein (11.25%) and kernel fat 

(53.25%). 

SS-54 

Tree spreading; branching medium; yield (49 kg/tree); yield efficiency (0.0 II 

kg/cm2). Homogamous; terminal b~arer; moderate hull persistence after nut fall; 

leafing time (29th March). Nut ovate in shape through suture and perpendicular to 

suture; shell texture very rough; shell seal medium; shell thickness (2.88 mm); nut 

weight (13 .65 g); easy kernel removal; kernel fill well; kernel veins (10%); kernel 

colour light; kernel percentage (44.69%); kernel protein (13.5R%) and kernel fat 

(32.70%
). 

SS-55 

Tree spreading; branching medium; yield (50.50 kg/tree); yield efficiency 

(0.019 kg/cm2). Homogamous; terminal bearer; moderate hull persistence after nut 

fall~ leafing time (29th March). Nut broad elliptic in shape through suture; nut 

trapezoid in shape perpendicular to suture~ shell texture very rough; shell sent strong; 

shell thickness (2.03 mm); nut weight (14.00 g); easy kernel removal; kernel fill well; 
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kernel vems (10%)~ kernel colour medium~ kernel percentage (44.64%)~ kernel 

protein( 11.39%) and kernel fat (50.75%). 

SS-56 

Tree semi-erect: branching medium; yield (11.75 kg/tree); yield efficiency 

(0012 kglcm2). Protandrous; terminal bearer; slight bull persistence after nut fall; 

leafing time (13th April). Nut ovate in shape through suture and trapezoid in shape 

perpendicular to suture; shell texture very rough~ shel1 colour medium~ shell seal 

strong; shell thickness (1 . 96 mm)~ nut weight (11. 15 g); very difficult kernel removal; 

kernel percentage (35 .53%); kernel fill moderate; kernel veins (10%
); kernel colour 

light kernel protein (17.36%) and kernel fat (39.55%). 

Tree spreading; branching dense; yield (20.50 kg/tree); yield efficiency (0.010 

kglcm2). Protandrous;' terminal bearer; slight hull persistence after nut fall; leafing 

time (12th April). Nut elliptic in shape through suture and obovate in shape 

perpendicular to suture; shell texture very rough; shell colour medium; shell seal 

strong; shell thickness (2 .98 mm); nut weight (16.10 g); moderate kernel removal; 

kernel percentage (38 .51 0/0); kernel fill well; kernel veins (I 0%
); kernel colour 

medium; kernel protein (10.54%) and kernel fat (54.65%). 

4.5 CORRELATION STUDIES 

The results (Table 9 ) obtained with respect to correlation analysis between 

various tree, foliage, floral, nut and kernel characteristics are presented as under: 

Leafing time was observed 'to be positively and significantly correlated with 

first male bloom date (r::::0 .606). peak male bloom date (r=0.614), last male bloom date 

(r=0.602), first female bloom date (r=0.426), peak female bloom date (r=0.465), last 

female bloom date (r=0.555), trunk cross sectional area (r=0.263), nut diameter 
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perpendicular to suture (r=0.267) and kernel percentage (r=0.357). Negative and 

significant association ofleafing time was observed with leaf fall (r=-0.406). 

Duration of female bloom (r=0.400) and fat percentage (r=0.358) were 

positively and significantly associated with time of leaf fall. Whereas, first male 

bloom date (r=-0.374), peak male bloom date (r=-0.311), first female bloom date (r=-

0.418), peak female bloom date (r=-0.341) and last female bloom date (r=-0.281 ) 

showed negative and significant association with leaf fall . Positive and significant 

relationship of harvesting time was observed with duration of male bloom (r:·O.J2H) 

and fat percentage (r=0.321), but negative and significant relationship with duration of 

female bloom (r= .. 0.46) and kernel percentage (r=-0.291). 

Duration of male bloom was significantly and positively correlated with trunk 

girth (r=0.526), trunk cross sectional area (r=0.406), yield (r=0.442), nut diameter 

through suture (r=0.363), kernel weight (r=0.259) and number of nuts/tree (r=0.256). 

Negative and significant association of duration of male bloom was observed with 

dichogamy (r=-0.587), first male bloom date (r=-0.26I ), first female bloom date (r=-

0.289) and peak female bloom date (r=-0.295). 

Yield (r=0.296), kernel percentage (r=0.291), kernel weight (r=0.272) and 

number of nuts/tree (r=0.264) were positively and significantly associated with 

duration of female bloom but negatively and significantly associated with first female 

bloom date (r=-0.434). 

Degree of dichogamy was positively and significantly correlated with first 

female bloom date (r=0.427), peak female bloom date (r=0.387), last female bloom 

date (r=0.284) and protein percentage (r=0.285) whereas, negatively and significantly 

correlated with peak male bloom rate (r=-0.313), last male bloom date (r=-0.299), 

trunk girth (r=-0.424) and yield (r=.0.441). 

Positive and significant relationship of first male bloom date was observed 

with peak male bloom date (r=0.934), last male bloom date (r=0.858), first female 
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bloom date (r=0.691). peak female bloom date (r=0.72 J), last female bloom date 

(r=0. 771), yield efficiency (r=0.272) and kernel percentage (r==0.270). 

Peak male bloom date found to be positively and significantly Rssocintcd with 

last male bloom date (r=0.931), first female bloom date (r=0.597), peak female bloom 

date (r=0.639), last female bloom date (r=0.719), trunk cross sectional area (r=0.312), 

)ield (r-0.333) and kernel percentage (r=0.321). 

\\'hereas last male bloom date was positively and significantly correlated with 

first female bloom date (r=0.536), peak female bloom date (r=0.S73), last female 

bloom date (r-='O 699), trunk cross sectional area (r-0.339) and kernel percentage 

(r=O.380). 

Positive and significant relationship of first female bloom date was observed 

with peak female bloom date (r=O.952), last female bloom date (r=0.799) and kernel 

percentage (r=0.280) whereas, it was negatively and significantly correlated with 

number of nuts per tree (r=-0.253). Positive and significant correlation of peak female 

bloom date was observed with last female bloom date (r=0.883) and kernel percentage 

(r=0.417) whereas fat percentage (r=-0.272) was negatively and significantly 

correlated with peak femaJe bloom date. Last female bloom date was positively and 

significantly correlated with nut diameter through suture (r=0.319), kernel percentage 

(r=0.416) and kernel weight (r=0.289) and significantly but negatively correlated with 

fat percentage (r=-0.297). 

Shell thickness was positively and significantly correlated with protein 

percentage (r=0.321 ). Trunk girth was positively and significantly correlated with 

trunk cross sectional area (r-0.775), yield (r=0.872), nut diameter through suture 

(r=0 .533), diameter perpendicular to suture (r=0.488), in-shell nut weight (r==0.45}), 

kernel weight (r=0.455) and protein percentage (r=0.317). 

Yield (r=0.770), nut diameter through suture (r=0..425), nut diameter 

perpendicular to suture (r-0.413), in-shell nut weight (r=0.428) and kernel weight 
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(r=0.483) were positively and significantly correlated with trunk cross-sectional area 

(Table 9). 

Positive and significant relationship of yield was seen with yield efficiency 

(r=0.372), nut diameter through suture (r=0.475), nut diameter perpendicular to suture 

(1-0.405), in-shell nut weight (r::;0.386) and kernel weight (r=0.416). 

Nut diameter through suture was significantly and positively associated with 

nut diameter perpendicular to suture (r-=0.759), nut length (r=0.416), in-shell nut 

weight (r-0.602), kernel percentage (r=0.268), kernel weight (r=0.582) and protein 

percentage (r=0.252). 

Nut diameter perpendicular to suture was positively and significantly 

correlated with nut length (r=0.315), in sheU nut weight (r=0.742), kernel percentage 

(1-0.324), kernel weight (r=0 .725), and kernel protein (r=0.305). 

Nut length was positively and significantly associated with in shell nut weight 

(r=0.359), kernel percentage (r=0.550) and kernel weight (r=0.540). 

In-shell nut weight was found to be significantly and positively correlated with 

kernel weight (r=0.892). Kernel percentage showed positive and significant 

relationship with kernel weight (r=0.605) and protein percentage (r=0.377). Whereas 

kernel weight was found to be positively and significantly correlated with protein 

percentage (r=0.304). 

4.6 PATH ANALYSIS 

In path analysis 25 different tree, foJiage, floraJ, nut and kernel characters were 

considered as independent variables and nut yield/tree was taken as dependent 

variable The direct and indirect effects of various characters were worked out at 

phenotypic level and are presented in Table 10. 
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Direct positive effect on nut yield was observed with duration of male bloom 

(I 831). duration of female bloom (0.6873), trunk girth (0.272), trunk cross-sectional 

area (0.388). nut diameter perpendicular to suture and kernel weight (4.979). 

Peak male bloom date showed indirect positive effect on yield via Jeaf fall 

(0 .042), duration of male bloom date (0.093), trunk girth (0.0644), trunk cross­

sectional area (0. 121) and kernel weight (0.887). Yield efficiency was positively but 

indirectly associated with yield via first male bloom date (1.217), trunk girth (0.0)6), 

trunk cross sectional area (0.015), in-shell nut weight (0.292) and kernel percentage 

(0 .037). 

Nut diameter through suture showed indirect positive effect on yield via kernel 

weight (2.897), nut diameter perpendicular to suture (1.237), trunk girth (0.145), trunk 

cross sectional area (0.] 65), duration of male bloom (0.665) and duration of female 

bloom (0.052). 

In-shell nut weight showed indirect positive effect (Table 10)on yield via 

kernel weight (4.439), nut diameter perpendicular to suture (1.208), trunk girth 

(0.123), trunk cross se~tional area (0.166), duration of male bloom date (0 .363) and 

duration of female bloom (0.113). Dichogamy showed negative indirect effect on yield 

via first male bloom date (-0.364), peak male bloom date (-0.129), peak female bloom 

date (-0.177) and nut length (-0.011). 
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DISCUSSIOn 



D,'lS·CUSSION 

Persian walnut trees are grown from seed since times immemorial and are so 

grown even today in many parts of the world including India. With the standardization 

of budding or grafting techniques for successful propagation of walnuts people started 

selecting scion wood from the trees of seedling origin in a particular area with an aim 

to develop superior cultivars. Thus superior individual seedlings chosen as scionwood 

sources became the cultivars used by growers. The typical example is of French 

cultivar 'Franquette'. During the last 4-5 decades there have been surveys of 

thousands of seedling trees in many countries including France, Spain, Yugoslavia, 

Poland, Czech Republic, Bulgaria, Guinea, Moldavia and China. In India too, the 

seeds of superior strains are used for raising planting material which gives variable 

stand and the age of bearing trees extend upto hundred or more years. There are no 

standard walnut cultivars in cultivation in the country. Like in other countries, as 

mentioned above, field surveys have been undertaken in walnut growing regions in 

India to select superior individual seedling trees (Sharma and Kumar, 1994) and the 

process is continuing with several potential areas yet to be explored. Many of such 

surveys in the past have been confined to quantification of the variation for most of the 

metric traits but the situation improved later with the development of vegetative 

propagation methods in walnut . Keeping in line with the above, a study was prop()~ed 

to survey a part of district Sirmour (not explored earlier) to select walnut trees with 

superior traits. The results so obtained with respect to selection of superior walnuts 

from seedling tree populations in Deedag, Chauras. Chikhria, Khal and Gandoori 

villages of district Sirmour are discussed as under: 



5.1 FIELD SURVEYS 

Survey work in five villages undertaken in year 2001 revealed that out of a 

total of 342 trees screened only 57 trees were found to be regular in bearing and had 

good nut and kernel characteristics. The existence of large number of trees either 

irregular in bearing or not in bearing and those having extremely small and hard 

shelled nuts, points towards the fact that walnut growing in the region is primitive and 

neglected by and large. Only in a very few pockets, the walnut trees of seedling origin 

were being taken care of though to a little extent, for example in Chikhria (Ser 

Tundla). However. this does reflect that the walnut germpJasm in these villages 

constitute genetically diverse types owing to their unknown origin, propagation 

through seed coupled with varied microenvironment. Thus a systematic 

characterization and evaluation of the selected 57 trees was all the more important to 

select the superior genotypes from commercialization and conservation point of view 

in future. 

. . 

5.2 CHARACTERIZATION AND EVALUATION 

5.2.1 Tree Characters 

An ideal walnut tree is that which grows vigorously to moderate and yielding 

considerably (Forde, ) 975). Important tree attributes such as growth habit (erect to 

spreading), trunk girth (26.0-308.0 cm), trunk cross-sectional area (53.82-5476.80 

cm2), number of nuts/tree (234-5505 nuts/tree), yield (2.75-60.5 kg/tree) and yield 

efficiency (0007-0.266 kglcm2) varied considerably among the 57 trees studied here 

(Table 1 and 2). 

Large differences in these characters are similar to previous findings on walnut 
! 

trees of seedling origin (Nauriyal el aI., 1970; Sharma and Chauhan, 1980; Sharma 

and Sharma, 1997a,2000a) which can be attributed to their seedling origin and age 

differences. However, yield efficiency which largely covers up the variation due to 

age also varied a lot between the 57 trees. 55-2 had the highest yield efficiency (0.266 

kgicm2) which is far greater than the yield efficiency reported by other workers from 
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different parts of Himachal Pradesh i.e. upto 0.0236 kglcm2 (Sharma and Sharma 

(2000b) from Garsa valley (Kullu), Jogindernagar (Mandi), Bharmour (Chamba) and 

Nauradhar (Sirmour). Even the high yielding (upto 105 kg/tree) selections from 

district Shimla had a maximum of 0.100 kglcm2 yield efficiency as reported by Attar 

(200 I). This reflects higher yield potential of some of the selections studied here. 

Similar trends of extreme variation in number of nutsltree observed here further 

suppons the fact that these trees constitute a diverse gene pool. Variation was also 

reponed earlier in number of nuts in walnut trees of seedling origin in Jaunsar 

Bhabhar area of Garhwal hills in Uttaranchal (Pandey and Sinha, 1984) and in 

naturally occurring wild persian walnut trees in Iran (Atefi, 1990). In the present 

study, time of harvesting of nuts as indicated by hull splitting was observed to vary 

over a period of one month in different selections with earliest (31 st July) in SS~S3 to 

as late as 1st September in SS-57 (Table 1). Unlike previous reports from other parts of 

Himachal Pradesh and Uttaranchal (Lal and Singh, 1978), the time of nut maturity 

(Sharma and Sharma. 1998a, 2000a) observed here is little early as reported earlier by 

Sharma and Sharma (2000b) in Tree NO.ll from Nauradhar (Sirmour). which may be 

due to relatively warmer climate in the area of study. Shoot colour, an important 

descriptor for characterization of walnuts varied between green brown, blackish and 

pale brown in all the trees studied here (Table 2)which is similar to findings of Sharma 

and Sharma (1997a, 1998a). The occurrence of blackish shoot colour is in contrast to 

the findings of Singh (1993) who recorded only pale brown and green brown shoots in 

walnut trees of seedling origin in Parvati valley of Kullu. However, walnut cultivars 

like 'Corne' and 'Marbo!' exhibit blackish coloured one year old shoots (UPOV. 

1988), whereas selections from district Shimla had only brown colour (Attar. 2001) 

shoots. 

S.l.l Foliage Characters 

Leafing time is another important walnut character particularly late leafing 

avoiding thereby damage due to spring frosts. In the present study, the date of leaf bud 

burst ranged from 19th March to 13th April in various selections (Table 3). In a study 
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on seedling walnut trees in Nauradhar area of district Sirmour, Sharma (1999) also 

recorded leaf bud burst time between 10th March and 15th April. Other studies 

conducted elsewhere also indicate large variation in leaf bud burst time (Hlisc, 197); 

.\ litro\'ic, 1988; Atefi, J 993; Singh, 1993; Aleta and Ninot, J 997; Ribeiro da Silva el 

ai, 1997) 

Various other foliage characters viz. leaf length and width, number and width 

of leaflets. rachis colour, pubescence and persistence of leaf and rachis also varied 

considerably (Table J and 4)similar to other reports from Himachal Pradesh (Singh, 

1993 ~ Sharma, 1996, 1999; Attar, 2001 ).\Time of leatfal1 is another important trait in 

walnut from climatic adaptation point of view with late leafTall heing preferred. The 

variation in time of leaf fall as recorded in seedling trees studied here is in conformity 

to earlier reports from Himachal Pradesh (Sharma and Sharma, 2000a). 

5.2.3 Floral and Fruiting Characters 

Persian walnut genotypes range from almost lateral bearing to those in which 

only the terminal bud produces the flowers (McGranahan and Leslie, ) 990). The latter 

condition has been observed in all the 57 trees studied here i.e. only terminal bearing 

habit was recorded (Appendix-II), though light to heavy female flower abundance was 

observed in different selections (Table 6 and Appendix-II). Nature and extent of 

dichogamy in walnut varies from almost complete overlap (homogamy) to complete 

separation of maJe and female bloom period with either the male blooming first 

(protandl)') or the female i.e. protogyny (Meza, 1975~ McGranahan and Leslie, 1990). 

Howeve'r, 57 tree selections studied h'ere were found to be largely protandrous (Table 

6) and some nine as almost homogamous (Fig.9) with none as protogynous. Although 

degree of dichogamy varies somE-what year to year, yet the overlap of pistillate and 

staminate bloom observed here is a desirable breeding objective as contended by 

Forde and McGranahan (1996). Hull dehiscence and its persistence after nut fall are 

varietal characters (UPOV, 1988). Both these characters varied moderately in 57 tree 

selections studied here. (Table 6 and Appendix-H) which is in accordance with the 
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findings of Attar (200 I) in walnut tree selections from district Shimla of Himachal 

Pradesh. 

5.2.4 Nut and Kernel Characters 

An ideaJ nut would weigh between 12-18 g having clean, strong and tightly 

sealed thin shell with easily removable light coloured, clean and plump kernel 

weighing at least 50 per cent of nut (McGranahan and Leslie, 1990). Since most of the 

nut and kernel characters are moderately to highly heritable (Hansche el aI., 1972), the 

selection on the basis of these characters would be an effeCtive method of genetic 

improvemnt (Forde, 1975). In the present study, an effort has also been made to 

evaluate seedling trees on the basis of their nut and kernel traits, and to locate the ones 

with superior performance, for multiplication and distribution after further testing. 

5.2.4.1 Nut Characters: Nut size (length, diameter, weight), shape, colour, shell 

strength and sealing of she" halves have often been considered important marketing 

attributes and for almost every such trait, there exists a great deal of variation. In the 

present study, nut weight varied considerably from 6.75 g (SS-43) to 16.1 g (SS-57) 

amongst the seedling trees (Table 7) but fell we)] within the high ranges of 17-26 g . 
reported in India (Pandey and Sinha, 1984), Yugoslavia (Kuzmannovski el aI., 1976), 

Bulgaria (Popov, 1983), Turkey (Sykes, 1975), Maldovia (Tsurkan el aI., 1974; 

Komanich, 1974) and Greece (Rouskas el ai., (997) and low range of less than 6 g 

reported from hills of Uttar Pradesh (Lal and Singh, 1978). Nut length and diameter 

aJso varied considerably in different selections studied here similar to earlier reports 

from Yugoslavia (Paunovic, 1990) and India as well (Nauriyal el aI., 1970; Chauhan 

and Sharma, 1980; Pandey and Sinha, 1984; Sharma and Sharma, 1997a, 1998b, 

2000b, 2001; Gautam, 2000; Attar, 2001). On the whole, in persian walnut, nut size 

can range from less than 2 cm to over 6 cm with aJmost equal diameter but does not 

necessarily reflect kernel size (McGranahan and Leslie, 1990). 

In the present study, nut shape varied considerably In different selections 

(Table 8a and Appendix-III). Nuts of various cultivars of commercial significance 
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falls into such categories on the basis of nut shape, as indicated in UPOV (1988) 

guidelines on walnut. 

The nut colour of different seedling trees varied from very light brown (SS-31 

and S5-50) to very dark brown (SS-14 and SS-53) with remaining selections having 

light brown, medium and dark brown shell coloured nuts (Table8b and Appendix-III). 

Though light coloured shells are preferred from marketing point of view of in-shell 

nuts, yet moderate to dark brown shell colour is reported in walnut. 

Important shell characters include shell thickness, weight of shell, width of pad 

on suture and shell seal . Shell texture is another trait of significance, particularly, 

reasonably smooth. thin and completely sealed shells are desirable (McGranahan and 

Leslie, )990). In the present study, shell texture varied from smooth, intermediate, 

rough to very rough in the selected trees (Table 8b). Among the selected 57 walnut 

seedling trees, S5-2, S5-29 and SS-43 had smooth shell texture (Appendix-Ill) . Shells 

of persian \\lalnuts vary from extremely thick and durable (resembling those of hlack 

walnuts) to paper thin shells which can be easily crushed in hand. In the present study, 

shell thickness in nuts of seedling trees varied considerably with as many as 21 trees 

having nut shell thickness in the range of 1.5 mm to 2.0 mm, a desired strength for 

·long distance transportation, especially for export purposes. The reported shell 

thickness ranged from a low of 0.2 mm (Rathore, 1984) to a high of 4.3 mm (Chauhan 

and Sharma, 1979). There may be more thick shel1ed strains in nature as indicated by 

Shanna and Kumar (1994). In California, for local marketing, minimum shell' 
, 

thickness acceptable is 1.4·1.5 mm with little higher values for walnuts harvested 

mechanically and for distant marketing (McGranahan and Leslie, 1990). Nut seal if 

'\leak. would allow entry of insects or dirt and break apart easily, thereby creating the 

altogether different pr~blems than caused by excessively thin shells. In the present 
I . 

investigation, seedling trees exhibited weak, medium and strong sealing. Among the 

promising types, shells of nuts of six selections namely SS-2, SS·3, SS-31, SS-41, 

SS-52 and SS-55 were strongly sealed (Appendix-lIT). 
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5.2.4.2 Kernel Characters: Kernel characters are extremely important marketing 

attributes in view of the fact that in the international market increasing quantities of 

produce is sold as kernel rather than in-shell nut. This nevertheless, does not 

undermine the importance of nut characters as discussed earlier. Both nut and kernel 

quaJity are strongly affected by genotype, environment and their interaction 

(McGranahan and Leslie, 1990). 

Kernel characters like colour, weight, percentage etc. have been reported to 

vary considerably in samples from trees of seedling populations. Seedling trees 

included in the present study showed significant variation in kernel weight and in 

kernel percentage (Table 7). The kernel colour varied from very light, light, medium 

to dark (Table 8c and Appendix-III). Among the promising 12 seedling tree selections, 

5S-17, SS-51, SS-53 and SS-54 had light kernel colour (Appendix-III). In previous 

reports, range of kernel weight extended from as high as 21.0 g to as low as 1.2 g 

(Nauriyal et aI., 1970~ Sykes, 1975; Cheng, 1978; Sharma and Chauhan, 1980; Pandey 

and Sinha, 1984; Rathore, 1984; Singh, 1993; Kaska et al., 1993; Sharma and Sharma, 

1997a, 1998b, 2000b; Attar, 2001;Kazankaya et al., 2001). Earlier, Forde (1975) 

indicated that desirable kernel weight should be 10-11 g. Although there are reports of 

much higher values of kernel percentage upto 80 per cent (Motial and Gilkar, 1970; 

Barton, 1979; Komanich, 1974) the maximum kernel percentage obtained in the 

present study was 53.55 per cent. Similar variation for this character was obtained by 
> 

various workers in different cuItivars (Gupta, 1999) and seedling trees in different 

walnut growing areas (Pandey and Sinha, 1984; Rathore, 1984; Singh, 1993 and 

Sharma and Sharma, I 997a, 1998b, 2000b, 2001). It may be recalled that extremely 

high kernel percentage is because of extra thin shells which is not a highly desirable 

trait from marketing view point. Light colour is a primary selection criterion for kernel 

quality and in general, colour ranges from very light (amber coloured) to dark brown. 

This trait though influenced by environment to some extent, is cultivar specific. So 

much so that a selection with red coloured kernels was reported (Krussmann, 1984). 

The identification of as many 24 seedling trees bearing nuts with very light to light 

brown kernels suggests the scope of making selections for this desirable character. 
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Many genotypes (t 5 seedling trees) have been found to have easily removable kernels. 

an extremely important and desirable trait from consumer and industry point of view. 

Amongst the promising types, the easily removable kernels were found in the seedJing 

tree selections namely, SS-J, SS .. 3I, 5S-36, 5S-5), SS-53, SS-54 and SS-55. 

5.3 CHEMICAL ANALYSIS 

In the present study fat content ranged from 32.7 per cent in SS-54 to 68.7 per 

cent in SS-43 and protein content ranged from 9.00 per cent in SS-8 to 17.36 per cent 

in SS-56 (Table 7). Reported range of fat content varies between 41.78 per cent to 

74 .83 per cent in different selections of seedling origin (Ermakov and Sharova, 1972; 

Singh, 1993; Strila et aI., 1988~ Sharma, 1999). Gupta (1999) reported 62.08 per cent 

fats in the kernels of 'Solding Selection', whereas, reports indicated the range of 

protein content in kernels varying from 6.47 to 20.52 per cent (Ermakov and Sharova, 

1972; Kropp et aI., 1972; Furuuchi et al., 1981; Bugarcic el aI., 1985; Sharma, 1979; 

Sen, 1983; Singh, 1993; Mitrovic el al., 1997; Sharma and Sharma, 1997b, 2000b; 
, 

Yarilgac el aI., 2001). 

From the foregoing discussion on characterization and evaluation and 

considering important horticultural characters, different walnut selections have been 

identified as gene sources for one or more such traits which are enlisted in Table 11. 

Although not even a single selection was found to excel for all the traits, yet as many 

as 12 walnut tree selections have been rated as promising (Table 12) based upon their 

overall performance and selection SS-51 (Fig. 1 0) has been found to be outstanding out 

of the lot. It may be worthwhile to suggest that these promising selections should be 

multiplied vegetatively and evaluated further under varied agro-climatic conditions in 

Himachal Pradesh. 

5.4 CORRELATION AND PATH ANALYSIS 

Significant correlation at phenotypic level have been observed between most 

of the tree, foliage, floral, nut and kernel characteristics (Table 9) in the present study. 

Hansche el al. (1972) observed high positive correlations between leafing, flowering 
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Table I J : List o(,w'alnu' selections (gene sources) for some dc..'iirnhle horticulht-ral traits 

jl 
----

Late leafing time SS-14. SS-15. SS-51. SS-56, SS-57 
I (2nd week April onwards) 

t· . . . -- ~- . ... .. . - - _. _ -- - _._-- --- -- ._- _.- . . _. -., 
Yield ( ;:: 40 kg/tree) SS-23. SS-24, SS-26, SS-27. SS-51. SS-52, SS-53. SS-

54. SS-55 

J. Y icld cfficicnc" SS-2. SS-4. SS-(). SS-7, SS-R. SS-9, SS-IO. SSw! 2. 5S-
(> 0.05 kwcmi) 23, SS-24. SS·30, SS-31. 5S-40 

'-- -'-~- .. -.---.-.---------... .. ----- .... .-.. ----.. _--.... _ .. _ ......... _,,-- .. ..., ..... - ~- " .. ,"~ . 

4. Degree of dichogamy « 25%) SS-I3, SS-18, SS-24, SS-26. SS-51, SS-52 , SS-53. SS-
54.55-55 

5. Female flower abundance SS-23, SS-24, SS-26, SS-27, SS-40, SS-51 , SS-52, SS-
(Heavy) 53, 5S-54, SS-55 

6. Illshcll nut weight (2: 12 g) SS-17, SS-24. SS-25, SS-32, S5-35. SS-36, SS-39. SS-
41, 5S-42, SS-46, SS-51 , SS-52 , SS-54, SS-55. SS-57 

7. Shell texture (Smooth) SS-2, S5-29, 5S-43 

8. Shell thickness (~ 1. 75 rrun) SS-5, 5S-9, SS-12. SS-16, SS-33, SS-35 
-.... - -. . . " . " - - . -. ' .. --. _ . .----- . . -. .... .. ... . 

9. Kernel percentage ( ;:: 45%) SS-2, SS-31, SS-38. SS-40, SS-44. SS.4<), SS-51. SS-

~() 
52. SS-53 

.--- - - -.. - -- -
Kernel fat percentage SS-3. SS-~. SS-35. S5-38. SS-43. SS-51 

I (~ 55%) 



Tahle 12 : PromisinJ! walnut sclcrtions 

Selection No, DistinJ!ui~hine characteristics 
r-- _ .- - .-----1---- --

SS-2 

SS-3 

SS-17 

SS-3) 

SS-3(' 

SS-41 

55-46 

SS-51 

SS-52 

SS-53 

SS-54 

SS-55 

Yield efficiency (0.26(, kg/cm\ 2150 nuts/tree. shell texture smooth. 
shell sea) strong. shelling percentage (45 .25%) 

Homogamous (30.77 %). yield efficiency (0.030 kglcm\ shell seal 
strong. shelling percentage (43.10 %.). fat percentage (59.X5 Iy") 

Yield efficiency (0.036 kglcm 2
). f;;.1~,f,gfidfiiit (50%), nut weight (15 .25 

g). kernel percentage (43 .28 %). kernel colour light. fat percentage 
(48.45 %) 

Yield efficiency (0.102 kglcm\ 2212 nuts/tree, she)) sea) strong, shell 
thickness (I.X6 mm), easy kernel removal. kernel percentage (45 .9(, 'y"), 
fat percentage (52.40 %) 

Nut weight (14.30 g). easy kernel removal. kernel percentage (4() .56 %,). 
kernel fat (47.50 %) 

Shell seal strong, shell thickness (1.94 mm), nut weight (12.30 g), kernel 
percentage (41.87 %), kernel colour light, fat percentage (45.95%) 

Nut weight (14.45 g), kernel percentage (42.91%), kernel fat (54.(,O'Yo), 

Yield (60.50 kg/tree), homogamous (13.33%), late leafing (7fh April), nut 
weight (J4.65g), easy kernel removal, kernel percentage (46.42%), 
kernel colour light. fat percentage (66.50%) 

Yield (40.50 kg/tree). homogamous (23.08 %), nut weight (l3.20g), shell 
seal strong. kernel percentage (45.83%). kernel colour light 

Yield (4(,.75 kg/tree), homogamous (14.29%). cas)' kernel removal, 
kernel percentage (47.14%), fat percentage (53 .25%) 

Yield (49 kg/tree). homogamous (20.00%). nut weight (13.('5g), easy 
kernel removal. kemal percentage (44 .69%). kernel colour light 

Yield (50.50 kg/tree), homogamous (15 .38%). shell seal strong. nut 
weight (14.00g), cas)' kernel removal. kernel percentage (44,C,4%). 
kernel fat (50.75%) 



Fig. 10: 88-51 



and harvest dates, . whereas in the present study, no significant correlation was 

recorded between leafing and harvesting time. The present findings also did not 

coincide with the reports of Bugarcic el al. (1985) who observed very early or very 

late leafing time to be associated with higher yield, and also early leafing forms 

produced largest nuts. Highly positive and significant correlations were observed 

between tree yield and trunk girth and trunk cross-sectional area but significant and 

negative correlation with degree of dichogamy, This suggests that to obtain higher 

yield, emphasis should be given on selecting vigorous and homogamous types. In­

shell nut weight also showed positive association with trunk girth, trunk cross­

sectional area and yield (Table 9) but its indirect positive effect on yield was more 

pronounced via kernel weight. The association of yield with trunk girth and trunk 

cross-sectional area is a true relationship as evident from direct and positive effects of 

these two characters on yield (Table 1.0). 

On the whole, it may not be possible to substantiate the present findings with 

earlier works considering the small sample size and inclusion of different characters 

for correlation studied here. Nevertheless, in-shell nut weight, trunk girth, trunk cross­

sectionaJ area, late leafing time and tendency towards homogamy could be suitable 

criteria for future selection studies. 
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SUMMARY 

The present investigation entitled I4Selecting walnuts from seedling tree 

populations in some villages of district Sirmour (H. P.)" was undertaken during 2001-

2002 . A total of 57 walnut trees of seedling origin growing in Deedag, Chauras, Khal, 

Gandoori and Chikhria village were included for comprehensive characterization and 

evaluation studies. The salient results obtained are summarized as under: 

Considerable variation was observed for various metric tree, foliage, 

flowering, nut and kernel characters in all the 57 trees studied here. The notable 

examples are: trunk girth (26.0-308.0 cm), trunk cross sectional area (53.82-7546.80 

cm2), yield (2.75-60.5 kg/tree), number of nuts (234-5505 nuts/tree), yield efficiency 

(0.007-0.266 kg/cm2), leafing time (19th March-13th April), degree of dichogamy 

(10-1000/0), in-shell nut weight (6 .75-16.10g), shell thickness (1.61-3 .02 mm), kernel 

percentage (28.89-53.55%), fat content (32.70-68.70%) and protein content (9.00-

' . 17.360/0). Likewise, variation was observed for non-metric characteristics viz. tree 

growth habit (erect, semi-erect, spreading), nature of dichogamy (homogamous, 

protandrous), shell texture (smooth, intermediate, rough, very rough), nut shape 

(circular, trapezoid, elliptic, ovate, broad elliptic, obovate, triangular, cordate) and 

kernel colour (very light, light, medium, dark). 

No variation was observed for bearing habit (only terminal bearer) and shell 

integrity (all exhibit complete sheH integrity). Correlation and path analysis suggested 

that in-shell nut weight, trunk girth. trunk cross-sectional area, late leating time and 

low degree of dichogamy could be suitable criteria for future selection studies. The 

yield was maximum (60.5 kg/tree) in SS·S I, yield efficiency (0.266 kg/cm2) in SS-2, 



in-shell nut weight (16 .10 g) in 55-57, fat content (68.70%) in SS-43 and protein 

content (17 .36%) in S5-56. \Vhereas minimum shell thickness (1 .6) mm) was 

recorded in 55-12. Nine selections (5S-13, SS·] 8, SS·24, SS-26, SS-51, SS-52, SS-

53, 55-54, SS-55) were found to be homogamous having less than 25 per cent degree 

of dichogamy and SS-57 was last to show the leaf bud burst' on 13th April. 

None of the seedling trees selected were found to be good in all desirable 

horticultural traits. But still there are some 12 walnut trees, excelling over others in 

one or more desirable horticultural traits. These are SS-2, SS-3, SS-17, SS-31, SS-36, 

S5-41, SS-46, S5-5], SS-52, S5-53, SS-54 and SS-55 which may be tested under 

varied agro-c1imatic conditions of Himachal Pradesh. SS-51, on the whoJe, has been 

found to be outstanding in terms of growth, yield, nut and kernel quality. 
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Appendix-I 
Eltent of variation in tree and foliage characters (non-metric) of walnut tree!! of 5eedling origin 

in lome vIII age. of distrtct Sirmour (H. P.) 

SftK1ion Growth Bnnchilll 
Shoot pUbf'Kf'nCf' I Shoot colour Learfolour Rachis Leaf and rachis Lf'af for rachis 

/"iu. hili bit df'nslty cfllour pubf'llcf'm'e penl~t('lIce 

SS·I Smli ere .. 1 ~f<!dium Glabrous Green brown Dark green Green Slightly pubescent Few remain attached 
5S·2 S ... mi ere..1 Spanle Glabrous Blackish Dark green Yellow Slightly pubescent Int ermedi ate 
SS·:l Semi ere .. 1 Dcn.~e Glabrous ('neen brown Dark green Red Slightly pubescent Few remain attached 
SS-I Spreading Dcn.<e Glabrous Blacki!!h Green Green Slightly puhe.~!;cnt Intermedi1\te 
ss-s Senti ete,,1 r>cn.,e Sli_~!I~~~~.!.<:'C:E! l3IackiAA Light green Yellow . ~~~l.t..'i: .r.!.lh~~~<;n! 1111011l1.:dillle ---"---- . ------

r Pale brown 
- _ . - -- _. __ .. . - .-. -

SS-6 Semi er«.1 lkn.~e Glabrous Light green Green Slightly pubes<.:ent Intermediate 
SS-7 Erect Spane Slightly pubescent Blackish Green Green Puhescent Few remain attached 
SS-8 Spreading Deme Slightly Plbcscent Green brown Dark green Green Slightly ,,-uhe.~ccnt Few remain attached 
SS-9 Semi erect Medium Glabrous Green brown Light green Yellow Slightly pubescent Intermediate 

5S-1O Semi er~1 Medium Giahroul Green brown Green Green Glahroull Few remain attached 
SS·II Spreading Dense Olabrou~ Oreen brown Dark green Grecn Glahrous Few remllin at\lI!;hcd 
S5-12 Semi erect Deme Slightly puhc:scent Blackish Green Green Glahrous Intermediate 
SS-13 S eadi~ Dense Slightlr pubescent Green brown Oreen Green _ ~~Iy pub~~~! Intermediate .-----

Glahrous -- - B1acki~h- ~ghtgr~n Ydlow 
- - - _._ - --

SS-14 Semi erect Dense Glahrous Intermediate 
5S-IS Spreading Dcme Slightly puhc.,cent Blackish Light green Yellow SI~t1y pubesI.:Cnt Few remain attached 
SS-16 Spreading Dense Slightly pubcsum Green brown Or~ Yellow Glabrous Few rt:main IIlIH<.:hcd 
SS-17 Semi erect Medium Slightly pubescent Green hrown Green Green Slightly pubescent Few remain attached 
5S-111 Semi erect DeMe Slightly pubescent Green brown Green Yellow Slightly puhellcent Few rem<lin attached 
SS-19 Spreading Deme Glahrous Green brown Green Green Slightly puhesI.:Cnt I ntermc:di ate 
SS-20 Spreading Dense Slightly pubescent Green brown Green Green Slightly pubescent Few remain attached 
SS-21 Spreading Dcn.~ Glabrous B1ackillh Green Green SI~~t!YJl~~:~~nt Few remain attached .- - -- ". _-- _ ... _. __ .. _--_ .. --. 
SS-22 Spreading Medium SliShtly pubescent Green hrown Dark ,Bteen Red Slightly pubescent Few n:main attached 

SS-23 Spreading Dense Glabrous Blackish Dark green (lreen Punell!;cnt Few remllin attached 
SS-24 Spreading Dense Slightly pubescent Green brown Green Green Slightly pubescent Intemtediate 
SS-2S Spreading Dense Slightly pubescent Green brown Green Green SI ightl y pubescent Intermediate 
SS-26 Spreading Dense Slightly pubescent Green brown Dark green Red Slightlypuhcscent Intermediate 

SS·27 Spreading Den.'Ie Slightly puhescent Green brown Dark green Green Slightly puhescent Intcrmcldialc: 
5S-211 Spreadinc Dcn.~e Slightiv pube!lcent Green brown Dark green Green Slightly (luhescent Few remain 1\tlRc.:hcd ---_.&_-- ----- "" - -

Slighlly puhe.~cent SS-29 Sprcading Dense Blackish lircen Oreen Glllhrous Inlenl1~diutc 

Blackish 
I-

Oreen SlightlY pubc.~cent 
-------_ .-

SS-30 Semi erect Medium Slightly pubescent Green Few remain attached 

SS-31 Semi erect Den.~e Slightly pubc.~cent Green brown Dark green Green Slightly pUbescent Few remain Rttached 
5S-32 Semi er~1 Medium Glabrous Blackish Green Green Slightlypubcsccnt Few remain attached 

SS-33 Semi cr~1 Dcnu Slightly pubescent Green brown Dark green Green Slightly pube.~cent Intcrmlldiate 

S5-34 Spreading Den..e Slightly pubescent Blackish Green Red Slightly puhcsl,;\)nt Intermediate 

SS-3S Spreading Medium Slightly pubescent Groen brown DllI'k green Yellow Slightly pUhescent Intermedint" 
SS-36 Spreading Dense Slightly pubescent Blackish Light green Yellow Slightly pubes!;ent IntermediRte 

SS-37 Spreading genae Slightly pu_bcscent Green brown Green Grecn S~~~ pubc!lcent Few remain attached 
1-:---_ . --------:-

SS-38 Spreading Dense Slightly pubescent Blackish Light green Yellow Slightly puhc.~cenl Few remain attached 

SS-39 Spreading Dense Slightly pubescent Green brown Dark green Yellow Glabrous Few remain attached 
SS-IO Spreading Dense Slightly pubescent Pale brown Green Green Glabrous Few remain attachc:d 

SS-41 Spreading Dense Pubescent Blackish Green Green Gl8hrou~ Intermediate 

S5-42 Semi ereL1 Sparse Slightly pubescent Blackish Green Red Glabrous Few remain IItta.:hed 

SS-43 Semi erect Medium Slightly pubescent Pale brown Green Green Slightly pubescent Few remain attRched 

SS-44 Semi C1ed Den.'1C Slightly pubescent Green brown Green Red Slightly Quhesccnt Few remain attM:hcd 

SS-4S Semi erect Medium Slightly puhe!lcent Blacki!!h Green Green Sli~ubescent Intermediate -- ---- ---- -
SS-I6 Spreading Medium Slightly.Jltl..bescent Pale bro\\n Green Yellow Slightly puhescent Few remain alta.:hed 

SS-47 Spreading Medium Slightly pubescent Green brown Dark green Yellow Slightly pubescent Few remain attached 

SS-I8 Semi erect Medium Slightly pubescent Grecnbrown Dark green Red Pubescent Few remain atta.:hed 

55-49 Semi erect Medium Slightly pUbescent Blackish Green Yellow Slightly puhescent Few remain an ached 

ss-so Semi ere..'1 Dmse Slightly pubescent Pale brown Green Green Slightly pubes.:.:nt Few remllin attllched 

ss-~ 1 Spreading Dense Slightl\, pub~.:enl Green bro\\n Dark green Green Glabrous Intcmlcdilllc 

SS·S2 Spreading Dense Slightly pube.~.:ent Green brown Green Red Slightly pubescent Intermediate 

SS-53 ~r~~~~~g, Dense Slight.!l~b~c~~ Groen MOwn _~~_~e~_ Green ~~!B!:'tly.Lube.~!;e~t Intermediate 
1-- ------- .-------. -------- -_._-- - ' - ---_.---,-

SS-~4 Spreading Medium Glabrous Green brown Green Red Slightly puholccnt Few remain altllched ' 

SS-SS Spreading Medium Glabrous Blacltish Green Red Slighjly puhescent Inlcrmetli ate 
S5-56 Semi erect Medium Oiaoroul Green brown Dark Leen Green Glllhf<)lJ~ Few remllin IIlIao.:hcll 

SS-S7 Spreading Dcn.~e Giahrous Orecn brown Dark green (}reen Ulllhrou~ few remain attadled 
SS -- Slnnour SelectIon 



Appendix-II 
Eltent orvariatlon In In nora) and fruiting characters (non-metric) of walnut trees ohecdling 

origin In .ome village. of di.trlct Sirmour (H.P.) 

Hull Peak male Peak female 

SeI«tinn Dich/)gamy Burine Female no_r Stigma penl.tence Hull dehilcence 
bloom date bloom date 

No. habit abundance colour aRer nut 
fall 

S5-1 Pro~ndrous Terminal Light Yellow Slight Dehi.cent 29/3 114 

S5-2 Pro~ndrous Terminal Int.crmediat.c Yellow Slight Dehi.cent 6/4 14/4 

S5-~ Pro~ndroua Tennin.1 Int.crmedi.te Red Slight Dehiacent 9/4 1114 

5S"" Pro~ndrous Terminal Int.crmediat.c Yellow Slight Dehiacent 3/4 1214 

SS-~ Pro~ndrous Terminal Int.crmedi.te Red Moderate Slightly Dehiscent 114 10/4 

SS-6 Pro~ndrous Terminal Intermediate Yellow Moderate Dehi.cent 4/4 1114 

5S-7 Protandrous Terminal Light Yellow Slight Dehiacent 1/4 17/4 

SS-8 Protandrous Terminal Intermediate Yellow Slight Dc:hiacent 3/4 13/4 

SS-9 Pro~ndroua Terminal Intermedi.te Red Slight Dehiacent 10/4 14/4 

S5-IO Protandrous Terminal Intermediate Yellow Slight Dehiaccnt 6/4 10/4 

SS-II Pr"~ndroua Terminal Intennedi.te Red Moder.te Dehi.clml 3/4 111/4 

SS-12 Protandroua Terminal Light Yellow Slight Slightly Oehiacent 3/4 10/4 

SS-13 Homogamous Terminal Intermediate Red Slight Slightly Dehiacent 214 ~/4 

55-14 Protandrous Terminal Light Yellow Slight Dehiacent 16/4 21/4 

SS-I~ Protandruus Terminal Intermediate Yellow Slight Dehiscent 15/4 IK/4 

SS-16 Protandrous Termi",,1 Intermediate Red Slight Dehilccnt 4/4 10/4 

S5-17 Pr()~ndroua Terminll Inh:rmediate Yellow Slight Dehilcent 8/4 12/4 

SS-IK Homogamous Terminal Int.crmediate Yellow Moderate Dehiscent 10/4 1214 

SS-19 Protandrous Terminal Intermediat.c Yellow Slight Dehiscent 1114 20/4 

SS-20 Pro~ndro\ll Terminal Intermediat.c Yellow Slight Dehiacent 16/4 2214 

SS-2J Pro~ndroUi Tennin .. 1 Light Red Moder .. ~ Delli.eent S/4 1214 

S5-22 Protandrous Terminal Light Yellow Slight Dehilcent 3/4 13/4 

55-23 ProUndrow Terminal Heavy Yellow Slight Dehilcent 9/4 1214 

S5-24 Homogamous T~rminal Heavy Red Slight· Dehilcent 10/4 1214 

55-2S Protandrous Terminal Intermediate Yellow Slight Dehilcent 15/4 1214 

5S-26 Homogamous Terminal Heavy Red Moderate Dehileenl 6/4 IUl4 

5S-27 Pt(l~ndrOUl TermiRJI HoIV)' Yollow Slight Slightly nchi.cenl 11/4 10/4 

55-28 Probndrous Terminal Intermediate Red Slight Slightly Dehiacent 5/4 10/4 

SS-29 Protandroua Termin.l Intennediate Yellow Slight Oehiscent 8/4 16/4 

55-30 Protandrous Terminal Int.cnnediate Yellow Moderate Slightly Dehiacent 5/4 13/4 

SS-.H l'ro~ndroua Terminal Intermediatc Red Slight Dchilcent 114 \:\/4 

55-32 Protandrous Terminal Intermediate Green Slight Dehilcent 4/4 1214 

SS-33 Protandrous Terminal Light Yellow Slight Dehilcent 6/4 14/4 

SS-34 Pro~ndroua Terminal Intermediate Green Slight Dehiscent ~/4 1214 

SS-35 Protandrous TcrmilUl Intermediate Red Slight Slightly Dehiscent 29/3 11/4 

SS-36 Pro~ndrous Terminal Intermediate Yellow Slight Slighdy Dehiscent 3113 11/4 

SS-37 Protandrous Termi",,1 I.ight Red Moderate Slightly Dehiacent 214 914 

5S-311 ProtandroIU Terminal Light Red Slight Dehi.cent 11/4 19/4 

5S-39 Protandrous Terminal Intermediate Red Moderate Dehiscent 114 10/4 

55-40 Protandrous Terminal lien), Red Moderate Dehi.cenl 2/4 1lI4 

5S-4\ Protandroua Terminal Intermediate Red Moderate Dehiscent 214 9/4 

5S-42 ProtandroUi Terminal Light Red Moderate Dehi,cent 4/4 \214 

SS-43 Protandroua Terminal Light YeJ)ow Slight Dehillcant SI4 12/4 

SS-44 Protandrous Terminal Light Yellow Slight Dehiscent 30/3 1114 

SS-4S Protandrous Terminal Light Green Moder.te Dchilcc:nt 29/3 13/4 

SS-46 Protandrous Terminal Inlermediat.c Yellow Slight Slightly Oehiscent 1/4 1~/4 

SS-47 Protandrous Terminal Light Yellow Slight Dchiscent 214 1214 

SS-411 Protandrous Terminal Light Yellow Moderate Dehiscent 4/4 1214 

S5-49 Pro~ndrous Terminal Light Yellow Slight Dehiacent 714 13/4 

55-SO Protandrous Terminal Intermediate Red Slight Slightly Dehi.cent 2/4 11/4 

SS-SI Homogamous Terminal Heavy Yellow Moderate Oehi.cent 9/4 10/4 

SS-52 Homogamous Terminal Heavy Yellow Moderate Dehiscent 3/4 9/4 

SS-~3 Homogamous Terminal Heavy Red Slight Dehisccnt 1/4 214 

SS-~4 Homogamous Terminal Heavy Red Moderate Dcbilcent 214 714 

SS-55 Homogamous Terminal Heavy Yellow Moderale Slightly Dchiscent 3/4 6/4 

S5-~6 Pro~ndrous Terminal Intermediate Green Slight Slightly Dehi.cent 1714 2214 

SS-57 Protandrous Terminal Intermediate Green Slight Slightly Dchiscent 17/4 23i4 

SS - Silmour SeJec:lJon 



ShrU 
lelture 

Sh~1I 

colour 
Shell 
lui 

Shell 
Shellslrength integrity 

Kernel 
colour 

Kernel 
fill 

Kernpl 
plumpness 

Ease or 
removal or 

kernel halves 

SS.I I Circular Circubr Medium Light Intermediate Strong ~mplete Medium Moderate Thin Moderate 
, SS.2 I Circular Circular Smooth Medium Stron!! Intermediate ~mplete Medium Well Moderate Moderate 

SS-) ! Ovate Trapezoid Medium Light Strong Strong Complete Medium Well Moderate Ell!}' 
SS... I Circular Ovllte Medium Medium Weak Intermediate Complete DiUlc Well Moder-at-e-+-M-o-d-cra"--te---i 

- .~~~~~=-4-~~~~~~~~~4-~~--~~==~~~~~~~~~~~~~~~~~-
Ss.S I Elliptic Circular Medium Medium Strong Strong ~mplete Dark Well Moderate Moderate 
SS-6 ~ Circ:ular Circular Rough Medium Intermediate Strong Complete Light Well Moderate Easy 

i SS-7 Elliptic Circular Medium Light Strong Sltong Complete Medium Well Thin Moderate 

I SS-8 I Circular Circular Medium Medium Strong Strong Complete Very light Moderate Thin Difficult 

; SS·9 ' Circulu Circulu Rough Medium Intermediate Sltoog Complete Medium Well Thin Moderate 
r---;=":~~~~~J--~~-+--==.:..:::JiI::-:-r:-:~::';';""'F::-:';;':";';';';;'~---:~~-+~;I~~~~+-:,:"::7.-+~~~-+--::"":':-~-·· - ·-- -I SS-IO: o.'ate Circular Rough Medium Strong Strong Complete Light Well Moderate Easy 
: SS·II i Circular Trapezoid Medium Light Intermediate Intennediate Complete Dark Well Thin Difficult 

L.2~:.!!.- L ... .0~a~e __ , Tr.tJICzoid Medium .~c:.'!.i~!!, . . _,. S~~ __ Stro~~_~!'1pl_e~~ , _l2a~~_ ..... Well Moderate Moderate 
! S5-I) 0 Cin:ubr ,- Cin;;i;r- ' 1t;di~ ' Light Strong Strong Complete Light Well .. ;il,in Moderale 

f SS.I" Ovate Trapezoid Rough Very dark Strong Strong O>mplele I,il(hl Well Moder.tle Muderale 

: S5.IS ! Ov~te Circular Medium Medium Intennedi.te Strong Cnmplete Dark Mouerate 'Illi" Moderate 

i SS.16 Circular Circular Rough Medium Intermediate Strong Complete Medium Well Thin Moderale 
i SS-17! o.·~te Ovate ' Medium Light Weak Strong Complete Light Well Moderate Moderate 
I 55-III; Ovlte Trapezoid Rough D.lie. Strong Strong Complete Light Moderate Thin Moderate 

I 5S·19 Circular Circul,r Medium Light Intermcdiltc Stronl! Complete Dark Well MU(ler~le Dit1kult 
I S5-20 I Obovlte ObOVlte Medium Medium Weak Intennediate Complete Light Thin Moderate Difficult -: S5-21 1 Elliptic Elliptic Medium Medium Strong Intermediate Complete Medium Well Thin Moderate 

; 5S·22 Ovlte Ovate Medium Light Strong Intermediate Complete Light Well 

I S:-;·23 Triln~fUllr Tr.pezoid Rnugh Dirk Sltons Intermediate Complete _ nark Well 

I 5S·2<4 Trapeloid Tr.pezoid Rough Dark intermediate Inlermc:dlalll Complete Oark Moderate 
SS-2S Circular Trapezoid Very rough Dart.: Strong Intermediate Complete Medium Well 

i 5S.26 I Elliptic Elliptic Rough Medium Strong Intermediate Complete Light Moder.te 

! 55·27 Circular Circular Rough Medium Intermediate Intermedi.te Complete Light Well 

5S·28 I Elliptic Elliptic Medium D,lie. Strong Intermediate Complete Medium Moderate 
I S$o29 i Elliptic Elliptic Smooth l.ight Weak Intermediate Complete Dark Well 
' S5·30 Trapezoid Ovate Rough Light (ntermediate Strong Complete Medium Well 
1 SS-31 I Elliptic Elliptic Medium Very light Strong Strong Complete Medium Well 

I SS.32 Ovate Circular Rough Medium Intermediate Strong Complete Light Moderate 

: SS-33 Elliptic Obovate Medium Light Intermediate Weak Complete Light Moderate 

S5-34 : (lI.'~le Trapezoid Rough Medium Strong Strong Complete nark Modente 
SS·3S I Triangular Cordate Rough Medium Intc:nnediate Strong Complete Medium Well 

; SS-36 I Broad elliptic Elliptic Medium Light Intermediate Strong C,omplete Medium Moderate 
----ss:j-i 0\'1 Ie Circular Medium Medium Silang Strong Complete Medium +---Well '-

i SS-38 Ovate Circular Medium Light Strong Strong Complete Dark Moderate 

Thin Difficult 

Thin Difficult 

Moderate auy 
Moderate 

Thin 
Thin 

Moderate 
Moder.te 

Moderate 

Moderate 

Difficult 
f:a.y 

Moderate 
Easy 

Verydifficult 

Moderate Moderate 
Thin Moderate 
Thin I~sy 

Moder.ate Moderate 
SS-39 Circular Circular Medium Medium Strong Strong Complete Dark Well Thin Moderate 

; SS-oW Trapezoid Trapeloid Medium Light Strong Strong Complete Medium Well Moderate Easy 
I 55.4\ ! Tr;apeloid Tr.1pezoid Medium tight Strong Strong Complete Medium Well Moderate Moderate 
I SS·42 Circular Cif\:ubr Very rough Dark Silang Strnn!! COlIll'lele Very lil/ht Well MUllcrate Moderale: 
[55-43 Ovate o.,.te Smooth Medium Strong Strong Complete Medium Well Muderolte Moderate 

~ S$-44 Circular Trapezoid~oug/l_ ~~i~ . _ Strong _~!!.~~~_._ <;o~~I~~~ Dark __ \\1:11 _ . Mocler~te Moderate 
ISS''-''S'- --Ci"~ular ' -t---Ci~U'tI~' Modium Medium W .. k Intermediato Cumlllete'- 'DarC' Well ~fudcr.le F .. ,y 
I SS-46 Broad elliptic Circular Rough nark Weak Weak Complete nark Well Thin Moderate 
i SS-41 iTriangular Circullr Medium Lisht Stron8 Strong ~mplele Doule Moderate Thin Mmler.le 

I SS-<48 Circular Circular Medium Ught Intennedi.to Strong Complete Dark Moderate Thin Oifficult 

I SS-<49 Broad elliptic Circular Rough Light Weak Intcnncdiatc Complete Dark Well Modentc Modcrate 

I SS-SO Ovate Ovate' Rough Very light Strong StrOllg Complete l.iiht Well Modmte E. .. y 

SS-S4 Ova Ie Ovate Very rough Dalie Intermediate Strong Complete Light Well Moderate F.alv 
SS·SS I Aroad elliptic TraJICloid Very rough Medium strong]1 Strong lomple'., Mcdium Well MOIIe:rate F",)' 
SS-S6 0 (,X'ale: Trapezoid VCf\' rough Medium Stronll Strong ("ompletll Lillht Modeute Thin Vcry dinkuh.J 
SS·S7 i Elliptic Obln'ate Very rough Medium Strong" Stronll Complete Medium Well Thin Moderate 

55 - Sumour Seleclton 
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Abstract 

The present studies were undertaken to select superior walnuts from existing seedling tree 
populations in Oeedag, Chauras, Chikhria, Khal and Gandoori villages of district Sirmour, Hlmacha.1 
Pradesh. Out of a total of 342 trees screened, only 57 trees were found to be regular in bearing and had 
good nut and kernel characteristics. These selected 57 trees were subjected to comprehensive 
characterization and evaluation studies to identify superior genotypes. All the selected trees showed 
considerable variation in growth, floral, yield and quality characters. However, no variation was 
recorded for characters like tenninal bearing and completeness of nut shell. The yield was maximum 
(60.5 kg/tree) in 5S-51, yield efficiency (0.266 kg/cm2

) in SS-2. in-shell nut weight (16.10 g) in SS-57, 
fat content (68.70 %) in 55-43 and protein content (17.36 %) in 55-56 whereas minimum shell 
thickness (1.61 rnm) was recorded in 5S-12. Nine selections (55-13, SS-18, 55-24, S8-26, 55-51, SS-
52, SS-53, 5S-54. 55-55) were found to be homogamous having less than 25 percent degree of 
dichogamy and 55-57 was last to show the leaf bud burst on nih April. None of the seedling trees 
selected were found to be good in all desirable horticultural traits. But still there are some 12 walnut 
trees, excelling over others in one or more desirable horticultural traits. These are SS-2, SS-J, 5S-17, 
55-31. SS-36, 5S-41~ 55-46, S5-51, 55-52, SS-53, 5S-54 and 55-55 which may be tested under varied 
agro--c1imatic conditions of Himachal Pradesh. SS-51, on the whole, has been found to be outstanding 
in tenns of growth, yield, nut and kernel quality. Correlation and path analysis suggested that in-shell 
nut weight, trunk girth, trunk cross-sectional area, late leafing time and low degree of dichogamy could 
be suitable criteria for future selection studies. 
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