J. Agric. Scl. Mansoura Univ., 28(5): 3299 - 3315, 2003

YIELD POTENTIALITY OF SESAME AS AFFECTED BY
FARMYARD MANURING AND NITROGENOUS
FERTILIZATION UNDER SANDY SOIL CONDITIONS

Abdul Galil, A.A. and S.A.E. Mowafy
Agron. Dept., Fac. of Agric., Zagazig University, Egypt

ABSTRACT

Two field experiments were performed in the Experimental Farm, Faculty of
Agriculture, Zagazig University at Khattara, Sharkia Governorate, Egypt dunng 2000
and 2001 summer seasons to study the effect of farmyard manure {0 and 15 m*/fad.),
N levels (20, 40, 80 kg Nffad.) and N sources (urea, ammonium nitrate and
ammonium sulphate) on yield potentiality of sesame under sandy soil conditions. The
results could be summarized as follows:

Application of farmyard manure (FYM} significantly.increased seed yield and
most of its attributes as well as oil yield/fad., except number of seeds/capsule, seed
weight/capsute and seed oil content (%), which were not affected significantly by FYM
application.

Each N increment increased significantly seed yield and all attributes as well
as oil yieldffad., while seed oil content {%), was not affected significantly in the two
seasons and their combined. <

In both seasons, addition of N as ammonium sulphate (AS} showed a
favourable significant effect on plant height, fruiting zone length, number’ of
capsules/plant, seed weight/plant and seed and oil yields/fad., whereas urea (U)
recorded the lowest averages in this respect.

Significant interactions between the studied factors indicated that addition of
FYM increased the response of sesame to the increase of N level partlculany when
given as ammonium sulphate than as ammonium nitrate or urea.

Seed yield (kg/fad.) was positively correlated with each of leaf chiorophyll
content, plant height, fruiting zone tength, number of branches/plant, 1000-seed
weight, number of seeds/capsule, number of capsules/plant, seed weight/capsule,
seed weight/olant and oil yield/fad. where correlation coefficients were 0.714, 0.903,
0.881, 0.894, 0.911, 0.474, 0.890, 0.456, 0.795 and 0.998, respectively.

Path analysis revealed that, the main sources of seed yield variation according
{o their relative importance were, 1000-seed weight {46.36%), fruiting zone length
(30.28%) and number of capsules/plani {10.38%)}, since, the direct and indirect
effects of these three characters amounted to 87.02% from seed yield variation,

INTRODUCTION

Sesame is a common 0il and pulse tropical crop. To overcome oil gab
in Egypt efforts should be devoted to expand the sesame cultivated area
along with sustaining the productivity per unit area through growing high
yielding varieties and improving the agronomic practices.

A great attention is being paid to the use of bicagriculture in sesame
production, using organic fertilizers, in order to reduce soil, water and air
pollution through reducing the use of mineral fertilizers. Farmyard manure
has a considerable role in improving soil physical properties (Bhandari et a/.,
1989 ; Tester, 1990 ; El-Mandoh and Abdel-Magid, 1996 and Shabayek,
1997). In this respect, Amar et al., (1990) noticed that the most effective
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treatment on increasing sesame seed yield was urea +FYM followed by urea
+ mustard cake. In addition, Majid et af., {1992) found that application of
water hyacinth increased seed vyield by 20% compared with cattie manure,
Mondal ef al., {1992) reporied that seed yield of sesame was increased with
addition of 10 ton FYM/Ma. However, Tiwari et al, (1995) observed that
application of 40 Kg N+ 30Kg P,0s+20 Kg K;0+2.5 ton FYM+30 Kg
MgS0,+15 ZnSO,/ha gave the highest sesame seed yield. Moreover, Abdel-
Sabour and Abo El-Seoud (1996) added different rates and combinations of
composts of biosolids, municipal solid waste and water hyacinth, they
concluded that all compost treatments stimulated sesame growth, while the
chemical composition of seed was not affected. Furthermore, EL-Kramany et
al., (2000) found that organic rmanuring with 20 mfad FYM significantly
incressed plant height, number of branches and capsules/plant, seed index,
seed yield and seed oil content of sesame.

Growing sesarne in the sandy soils faces many problems, among them
the low organic matter, consequently the poor soil fertility. Under such
conditions previous studies stressed the need of N fertilizer for sesame.
Several research workers have observed positive response of sesame to N
application (Mehrotra et al, 1978; Abdel-Rahman et al., 1980 and Daulay
and Singh, 1982). Abdel-Wahab et al, (1983) observed that sesame
responded to application of N up to 45KgN/fad., where plant height, fruiting
zone length and branches and capsules numbers/plant were significantly
increased compared with the check N. Also, Ghanem and Gomaa (1985)
noticed that sesame plant height, fruiting zone length, branches and
capsules numbers/plant, 1000-seed weight, seed yield/fad., and oil yield/fad.
were significantly increased due to N application up to 60Kg Nffad., where
seed oil content was decreased. Moreover, Ghanem (1989) observed that
adding N fertilizer up to 80KgN/fad. reflected a significant increase in ali yield
and yield attributes and oil yield/fad. of sesame. Similar results were reported
by Basha (1994) and Anton and EL-Raies (2600) when adding 75 and 120
KgN/fad. to sesame, respectively. Furthermore, Fayed et al., (2000) reported
that sesame number of capsules/plant and seed and oil yields/fad. were
significantty increased under sandy soil conditions by N application up to
60K gN/fad.

Among the available number of nitrogenous fertilizers, ammonium
sulphate, ammonium nitrate and urea are widely used in sesame cultivation.
Thus, the evaluation of these forms under sandy soil conditions with regard
to their effects on sesame productivity is of great importance. In this respect
and under saline soil conditions, Gandhi and Paliwai (1976) found that loss of
N as NH; was maximized when N was given in the form of urea or
ammonium nitrate, such losses were attributed to a decrease in the rate of N
mineralization. Under alkaline soil conditions, ammoniurn sulphate was found
to be the most efficient N form, due to the more acidity released Jduring
biclogical oxidation of NH, along with the release of SO, which increases
acidity and nence might decrease the rate of NH; losses (Tisdale and
Nelson, 1970). Due to the low cation exchange capacity of sandy soils, the
use of ammonium fertilizers might help in minimizing NO; leaching losses as
well,
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Therefore, this investigation was undertaken to find out the response of
sesame to three N levels given in three N forms in presence and absence of the
addition of FYM under sandy soil conditions.

MATERIALS AND METHODS

Two field experiments were conducted at the Experimental Farm,
Faculty of Agriculture, Khattara, Sharkia Governorate, Egypt, during two
successive summer seasons (2000 and 2001) to find out the response of
sesame to three levels of N (20,40 and 60KgN/iad.) and three N sources
(urea 46% N, ammonium nitrate 33.5% N and ammonium sulphate 20.5% N)
with and without the application of 15m*fad. farmyard manure (FYM) on
yield and its attributes cf sesame (Giza 32) in sandy soil. The soil was sandy
in texture with a pH of 7.85 and 0.50% organic matter content. The soil had
available N, P and K contents of 12.4, 3.01 and 50.1 ppm, respectively
(average of the two seasons for the upper 25cm of the soil). Each experiment
included 18 treatments which were the combinations of three N levels and
three N sources without or with application of farmyard manure. A split-split
plot design with four replicates was followed. FYM was assigned to the main
plots, whereas levels and sources of N were allotted in the 1% and 2™ order
sub-plots, respectively. The area of the experimental plot was 15m? (3min
width and 5m in length} included 6 rows, 50cm apart, Seeds of sesame were
sown in hills 15 cm apart on May 25" and 28" in the two seasons,
respectively. After 20 days from sowing (DAS) the seedlings were thinned to
two plants per hill. Sesame was preceded by wheat in the twc seasons.
Calcium superphosphate (15.5% P.0s) at rate of 31 kgffad. as well as
potassium sulphate (48-52% K,;0) at rate of 50 kg k,QO/fad. were added at
seed bad preparation. Nitrogen was applied in three equal doses (20,30 and
40 DAS). Farmyard manure {FYM} was incorporated at 10cm soil depth
before sowing. The chemical properties of farmyard manure were determined
according to Jackson (1958) as shown in Table 1.

Table {1): Chemical properties of farmyard manure in the twvo seasons

Parameters 1" season 2™ season
Organic matter % 13.74 13.95
Total N% 0.56 0.58
Available N ppm 301 319
Available P ppm 400 411
Available K ppm 1160 1172

The normal cultural practices for growing sesame under these
conditions were followed using flood irrigation.

At 60 days aiter sowing, a random sample of ten plants was taken
from the 2™ row, where chlorophyll content of leaves was recorded using
chlorophyll meter (SPAD- 503, Soil-plant analysis Devetopment (SPAD)
section Minolta Camera co., Oska, Japan) according to Castelli et al., (1986).
At harvest, ten plants were taken randomly from each experimental plot and
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the following characters were recorded: plant height (cm), fruiting zone length
(cm), number of branches/ plant, number of capsules/plant, number of
seeds/capsule, 1000-seed weight (gm), seed weight/ capsule (mg) and seed
weight/ plant (gm). Seed vyield (kg/fad.) was determined from the central
three rows. Seed oil content was determined by soxhlet apparatus according
to the method described by A.O.A.C. (1980). Qil yield (kg/fad.) was also
calculated by multiplying the seed yield by its oil content.

Analysis of variance and combined analysis for the two seasons were
carried out as described by Snedecor and Cochran (1967). For comparison
between mean’s. Duncan new muitiple range test was applied (Duncan,
1955). The combined data of yield and yield attributes were subjected to
simple cormrelation and path coefficient calculated according to Svab (1973).

RESULTS AND DISCUSSION

A: leaf chlorophyll content, plant height, fruiting zone length and
number of branches/plant:
A.1- Farmyard manure effect:
in the two seasons and their combined, application of farmyard
manure at the rate of 15m>/fad. significantly increased leaf chiorophyll
content, plant height, fruiting zone length and number of branches/plant. The
favourable effect of farmyard manure in enhancing these traits couid be
ascribed to the role of farmyard manure in providing sesame with it
requirements from macro and micronutrients (Table 1). The role of FYM in
improving soil physical and biological properties cannot be neglected in this
respect (Bhandari et a/., 1989 and Shabayek, 1997).

A.2- Nitrogen levels effect:

Applying N fertilizer up to 60KgN/fad. to sesame reflected significant
effects on leaf chiorophyli content, plant height, fruiting zone length and
branches number/plant (Table 2). On the average of the two seasons, the
fruiting zone length was increased from 55.82 to 58.91 and then to 61.40cm
when the N level was increased from 20 to 40 and then to 60KgN/fad. Also,
the number of branches/ plant was increased from 1.762 to 2.306 and 2.492
due to these two N increments. It is evident that nitrogen enhanced
vegetative growth of sesame and hence improved yield contributing
characters. These improvements were rather expected as the soil of the
experimental site was sandy with a very poor soil fertility level from nitrogen.
These results are in general accordance with those reported by Abdel-
Wahab et al., (1983), Ghanem and Gomaa (1985) and Ghanem (1989).

A.3- Nitrogen sources effect: )

Varying N sources arrier reflected significant effect on plant height and
fruiting zone length in both seasons, and their combined, however, leaf
chlarophyll content and number of branches/plant were not significantly
affected (Table 2). These data clearly indicate that ammonium containing
fertilizer (AS and AN) were more efficient than ammonium releasing fertilizers
(U) in enhancing plant elongation and fruiting zone length.
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Yawalkar et al, (1967) found that the acidity released from ammonium
sulphate (AS)is more than that released from ammonium nitrate {AN), which
in turn was more than that released from urea (U). As the soil of the
experimental field had a higher pH value (7.85), the use of AS followed by
the use of AN, was more efficient improving the availability and the uptake of
plant nutrients particularly phosphorus (Tisdale and Neison, 1970).

A.4- Interaction effect:

Some of the interactions affected significantly the aforementioned
characters. But, no valuable information could be added to those of the main
effects therefore, data of these interactions were exciuded.

B. Yield attributes:
B.1- Farmyard manure effect:

The results in Table (3) show that farmyard manure addition
significantly increased number of capsules/plant, 1000-seed weight and
hence seed weight/plant in both seasons and their combined. But, this
addition was without significant effect on number of seeds/capsule or seed
weight/ capsule. The favourable effect of FYM on these yield attributes was
also observed on leaf chiorophyll content and plant height as welf as fruntmg
zone length and number of branches/plant (Table 2). These results ascertaln
those reported by EL-Kramany et al., (2000).

B.2- Nitrogen levels effect:

In both seasons, each increment in N-level secured a significant
increase in number of capsules/ plant, number of seeds/capsule, 1000-seed
weight, seed weight/ capsule and seed weight/plant. These data were
ascertained by the combined analysis. The response to N fertilizer could be
explained by the apparently inadequate level of available N in sandy soils
and in turn the well utilization of added N up to the highest N level tried
herein {60KgN/fad.). These results are in general accordance with those
reported by Mehrotra et al, {1978), Abdel-Rahman et al., {1880), Ghanem
{1989), Basha (1994} and Anton and EL-Raies (2000).

B.3- Nitrogen sources effect:

Ammonium sulphate was more efficient than AN and U, as far as;
number of capsules/plant and seed weight/plant are concerned. But N
sources had no significant effects on number of seeds/capsule, 1000-seed
weight and seed weight/ capsule. The highest number of capsules/plant
(37.72) was recorded by AS, whereas, the lowest one (34.84) was recorded
by U. Similar effects were observed in plant height and fruiting zone length
(Table 3). .

It may be explained that sesame mage better use of ammonium
sulphate and ammonium nitrate than urea due-to more acidity released from
the formers than from the latter. The high efficiency.of AS and AN compared to U
could be partly attributed to more N volatilization losses from urea under alkaline soil
conditions (Alessi and Power, 1972).
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B.4- interaction effect:

Data in Table (3-a) show a significant effect to the interaction between
N levels and N sources on number of capsules/plant (combined). It is evident
that the number of capsules/plant showed greater response to each N
increment when N was given as AS than as AN. The lowest response was
obtained when N was given as urea. Each N increment produced an average
increase of 3.56, 2.66 and 1.16 capsule/plant, for the these three N sources
in respective order (regression coefficient).

Table (3-a): Number of capsules/plant as affected by nitrogen levels and
nitrogen sources (combined).

N sources
N Levels (kg Nifad.) Urea Ammonium nitrate | Ammonium sulphate
20 B B A
32.21c 32.30c 33.54¢
40 C B A
34.25b 35.29b 37.47b
60 Cc B A
38.06a 39.14a 42 14a
Regression coefficient 1.16 2.56 3.56

C. Seed yleld, seed oil content (%) and oll yield:
C1- Farmyard manure effect:

It is obvious from the recorded data in Table (4) that the application of
15m*fad. FYM significantly increased seed and oil yields/fad., however, FYM
had no significant effect on seed oil content (%).

The increase observed in seed yield due to addition of FYM is rather
expected as most of seed yield attributes were increased due to this addition
(Tables 2 and 3). It is evident that the increase in sesame yield due to
addition of the FYM could be explained through its favourable effect on water
retention and hence on applied nutrients against leaching (Askar, etal.,
1994). Thus, the beneficial effect of organic manuring on yield potentiality for
several crops was, also, reported by Amar et al., (1990); Majid et af., (1992);
Mondal et al., (1992) and Tiwari et al., (1995) on sesame.

C.2- Nitrogen levels effect:

Data in Table (4) show that increasing N level, from 20 to 40 and
60KgN/fad. caused significant increase in seed and oil yields/fad. This trend
was true in both seasons and their combined. However, seed oil content %
was not affected by N levels. According to the combined analysis, the seed
yieldffad. was increased from 192.9 to 227.5 and then to 272 8Kg/fad. when
the N level was increased from 20 to 40 and then 60KgN/fad. Also, the oil
yield was increased from 96.77 to 114.0 and then 136.8 kg/fad. when N level
was increased from 20 to 40 and 60KgNAad.

It is clear that the response of seed yield to N femhzatton generally is
in correspondence with the response of most yield attributes to increment of
N fertilizer level, too (Tables 2 and 3). These results are in accordance with
those reported by Basha (1994), Anton and EL-Raies (2000) and Fayed et
al., (2000).
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C.3- Nitrogen sources effect:

In both seascns and their combined, significant differences could be
detected in seed and oil yields/fad. due to varying N fertilizer, but seed il
content % was nol affected by N sources. It was obvious that addition of N in
the form of ammonium sulphate (AS) produced the highest seed and ail
yields/fad., whereas U produced the lowest ones. These data reflect those
observed in most seed yield attributes. It was mentioned that the highest
averages of pilant height, fruiting zone length (Table2), number of
capsules/plant, seed weight/plant (Table3) were recorded when N was given
as AS, followed by AN and U, in respective order.

C.4- Interaction effect:

Data of combined analysis presented in Table (4-a) show that seed
and oil yields/fad. were significantly affected by the interaction between FYM
and N levels. It was evident that addition of FYM increased the efficiency of
added N as expressed in more magnitude of seed yield/fad. response to
each N increment (57.35) compared with this response (22.6) in absence of
this addition. This was also observed in the response of oil yield/fad. to N
level increase. Therefore, the highest seed and oil yields {330.4 and 165.5
kg/tad.) were recorded when sesame received 15m’/fad. and 60 KgN/fad.,
whereas the lowest ones (170.1 and 85.27 Kg/fad.) were obtained when
FYM was not added and N was given in 20KgN/fad.

Table (4-a2): Seed and oil yields (Kg/fad.) as affected by farmyard manure
and nitrogen levels (combined).

Farmyard manure | N levels (Kg Nifad.)
mifad. | 20 40 60 Regression coefficient
Seed yield/fad.

0.0 C B A
: 170.1b 185.2b 215.3b 22.60

15.0 ¢ 8 A
’ 215.7a 269.8a 330.4a 57.35

Qil yield/fad.

0.0 c B A
) 85.27b 92.85b 108.1b 11.42

15.0 ¢ B A J
) 108.3a 135.2a 165.5a 28.60

Table {4-b): Seed and oil yields (kg/fad.) as affected by farmyard manure
and nitrogen sources {combined).

Farmyard manure N sources
| {m'fad) Urea | Ammonium nitrate Ammonium sulphata
Seed yield/fad.

90 c B A
’ 179.9b 188.45 202.3b

5 c B A
150 252.3a 269.6b 294.0a

Qil yield/fad.

c B A
00 90.28b 94.45p 101.5b

150 ¢ 8 A
i 126.52 135.1a 147.4a
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Table {4-c): Seed and oil yields (kg/fad.) as affected by nitrogen levels

and nitrogen sources (combined).
: N sources
Nlevels (a(glfad.Lf Urea Ammonium nitrate  Ammonium sulphate
Seed yield {Kgffad.)
20 c B A
182.9¢c 190.0c 205.8¢c
40 C B A
212.2b 228.7b 243.6b
80 C B A
253.3a 270.2a 295.0a
Regression coeflicient 234 333 30.8
Qi yield (Kg/fad.)
20 c B A
91.72¢ 95.25¢ 103.4¢c
40 c 8 A
106.4b 113.6b 122.1b
80 c B A
127.0a 135.5a 147.8b
Regression coefficient 11.72 16.57 15.22

It is obvious from Table (4-b) that addition of FYM increased the
response of sesame seed and oil yields/fad. to the addition of N in the form
of AS than in the form of AN or urea.

D- Yield analysis:
D.- Correlation studies:

Data of simple correlation coefficients between seed yield and its
contributing characters of sesame are presented in Table (5). Seed yield
showed positive and significant correlation with each of leaf chiorophyll
content, plant height, fruiting zone length, number of branches/plant, 1000-
seed weight, number of seeds/capsule, number of capsules/ plant, seed
weight/ capsule, seed weight/plant and oil yieid. in this respect, Ghanem
{1989) observed that oil yield/fad. was positively correlated with each of plant
height, fruiting zone length, number of branches and capsules / plant, seed
weight/ capsule, 1000-seed weight and both straw and seed yields. Basha
(1994) found that seed yield was positively correlated with each of plant
height, fruiting zone length, number of branches and capsules / plant, seed
weight/ plant, 1000- seed weight and both cil and straw yields.

Also, leaf chlorophyll content showed positive and significant
associations with plant height, fruiting zone length, number of branches /
plant, 1000-seed weight, number of seeds/ capsule, number of capsules/
plant, sead weight/ capsule, seed weight/ plant and oil yield/fad.

Likewise, plant height was positively correlated with fruiting zone
length, number of branches/ plant, 1000-seed weight, number of seeds/
capsule, number of capsules/plant, seed weight/ capsule, seed weight/plant
and oil yield/fad.
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Moreover, fruiting zone length had positive and significant associations with
number of branches/plant, 1000-seed weight, number of seeds/capsule,
number of capsules / plant, seed weight / capsule, seed weight / plant and ol
yield/fad.

Meanwhile, number of branches/plant indicated positive and significant
relationships with 1000-seed weight, number of seeds/ capsule, number of
capsules/plant, seed weight/ capsule, seed weight/ plant and oil yield/fad.

Similarly, 1000- seed weight gave positive and significant relations
with number of seeds/ capsule, number of capsules/plant, seed weight/
capsule, seed weight/ plant and oil yield/fad.

Furthermore, number of seeds/capsule was closely correlated with
number of capsules / plant, seed weight / capsule, seed weight/ plant and oil
yield/fad.

Number of capsules/plant indicated positive significant relatonships with
seed weight/ capsule, seed weight/ plant and oil yield/fad.

Seed weight/ capsule gave pesitive and highly relations with seed
weight / plant and oil yield/fad.

Ultimately, positive and significant interrelationship was recorded
between seed weight/ plant and oit yield/fad.

The present results indicate thal seed yield and its contributing
characters were positively and significantly associated. Thus, it seems
evident that all these characters contributed to the finzl seed yield of sesame.

D-2- Path analysis:

Partitioning of simple correlation coefficients between seed yield on
one hand and each of number cof capsules/ plant, fruiting zone length and
1000-seed weight on the cther hand are illustrated in Table (6).

Table (6): Partitioning of simple correlation coefficients between seed
yield and its components of sesame.

Source of variation Value
Number of capsules/plant
Direct effect 0.116
Indirect effect via fruiting zone length 0.302
Indirect effect via 1000-seed weight 0.472
Total (rys) 0.880
Fruiting zone length
Direct effect 0.343
Indirect effect via number of capsules/plant 0.103
Indirect effect via 1000-seed weight 0.435
Total (ryz2) 0.881
1000-seed weight
direct effect 0.508
indirect effect via number of capsules/plant 0.109
indirect effect via fruiting zone length 0.294
Tolal (rya) 0.911
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It is obvious from the results that the direct effect of number of
capsules/ plant as well as the indirect effect via fruiting zone length and
1000-seed weight were positive and valued about 0.116, 0.302 and 0.472,
respectively. In this respect Gupta and Chopra (1984) showed that capsules
on branches number affected seed yield directly as well as indirectly. For
fruiting zone length, the data showed that the direct effect aswell as the
indirect effects via number of capsules / plant and 1000-seed weight were
positive and valued 0.343, 0.103 and 0.435, respectively.

1000- seed weight showed positive direct effect with about 0.508,
while the indirect effects via number of capsules / plant and fruiting zone
length were positive and valued 0.109 and 0.294, respectively. In the same
respect Basha (1994) observed that 1000-seed weight affected seed yield
directly and indirectly.

The relative importance in contributing to seed yield recorded as
percentages of variation for number of capsules/ plant, fruiting zone length
and 1000-seed weight and their interactions are shown in Table (7). The
calculation of path coefficient indicated that 1000-seed weight had the
greatest direct effect with about 25.9% followed by fruiting zone length with
about 11.8%, number of capsules/ plant was the lowest in this respect with
about 1.36%. Concerning the indirect effects, it was clear also that 1000-
seed weight was the highest followed by fruiting zone length and the lowest
was number of capsules / plant. Also, R? recorded herein reached 87.02% of
the total yield variation. However, the residual effect of the other seed yield
components inciuded in the present study was, only, 12.98% only. This
residual variation could be attributed to other yield contributing characters.
Finally, according to the relative importance, the studied characters could be
arranged as follows; 1000-seed weight (46.36), fruiting zone length (30.28)
and number of capsules/ plant (10.38). In this connection Ghanem (1989)
noticed that, number of capsules / plant, seed weight/ capsule and 1000-
seed weight were the main sources of yield variation. Moreover, Basha
(1994) revealed that, fruting zone length, number of capsules/ plant and
1000-seed weight were the main sources of yield variation. Furthermore,
Awaad and Basha (2000) observed that number of capsules/plant, seed oil
content, number of branches/plant and 1000-seed weight were the most
important characters.
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Table (7): Direct and joint effect of seed yield components presented as
percentage of seed yield variation of sesame.

Source of variation C.D. %
Number of capsules/Plant 0.0136 1.36
Fruiting zone length 0.1181 11.81
1000-seed weight 0.2589 25.89
Number of capsules/plant X fruiting zone length 0.0703 7.03
Number of capsules/plant X 1000-seed weight 0.1103 11.03
Fruiting zone length X 1000-seed weight 0.2990 29.90
R? 0.8702  87.02
Residual 0.1298 12.98
Total 1.00 100.00
Direct Indirect Total
Number of capsules/plant 1.36  9.02 10.38
Fruiting zone length 11.81 18.47 30.28
1000-seed weight 25.89 2047 46.36
Total 39.06 47.96 87.02
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