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ABSTRACT

This investigation was carried out during two seasons (2004/2005
and 2005/2006) in a sandy soil of Agricultural Research Station,
Faculty of Agriculture, Zagazig University at El-Khattara region.
The study aimed to finding out the effect of irrigation interval (7 and
10 days), organic manuring (addition of 30 m” FYM/fad compared
with a check), P (0, 15.5, 31.0 and 46.5 kg P,Os/fad) and K (24 and 48
Kg K,0/fad) fertilization levels on faba bean seed quality and P
uptake and some of its use efficiency attributes.

Shortening the irrigation interval resulted in a significant increase
in seed coat percentage but decreased the swelling and hydration
coefficient and the seed protein content. In contrary, swelling and
hydration coefficients as well as seed protein content were increased
due to organic manuring or addition of P up to 31 kg P,Os/fad. The
increases in these characters due to addition of P fertilizer were on
expense of sced coat percentage. Narrowing the irrigation interval or
organic manuring increased P uptake and all the P fertilization
efficiency attributes. Though, total P uptake was increased
significantly with each P increment up to the higher level tested, the
last tried increment followed without or with adverse effects on P
fertilization efficiency attributes. Doubling the K fertilization level
increased most of P fertilization efficiency attributes.
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Significant first order interactions were detected,
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where

narrowing the irrigation or the addition of FYM was effective to
increase all the P fertilization efficiency attributes and hence
decrease the need for phosphorus fertilizer.

Keywords : Faba bean, seed quality, phosphorus efficiency, P and K
fertilization, irrigation interval, farmyard manure.

INTRODUCTION

In Egypt, a very wide gap has
been observed between the
production and the ever growing
consumption from faba bean. The
competition among faba bean and
the other winter crops in the old
land, along with the severe attack
with rust and satellite weeds
particularly Crenate broomrape
(Orobanche crenata Forsk) all
together played negative roles in
limiting the faba bean cultivated
area. Therefore, attempts should be
devoted to expand the cultivation
of faba bean in newly cultivated
areas. Studies previously
undertaken by the Agronomy
Department, Zagazig University in
sandy soils showed the possibility
of raising faba bean yield under
these conditions (AbdulGalil et al.
2008).

Several authers reported that
irrigation had a significant effect
on governing seed quality (Gendy
et al. 1994; Salwau, 1994 Elemery
and Elrabie, 1997 and Ahmed,
2004).

Similarly, phosphourus
fertilization was found to have a
pronounced effect on faba bean
production and hence seed quality
(El-Bana and Soliman, 1994
Mowafy, 1995; Mohamed ef al,
1999 and Rifaat, 2002). El-Gizawy
and Mehasen (2009) reported that
adding 30 kg P,0s/fad mixed with
PDB  (phosphate  dissolving
bacteria) markedly increased seed
protein content and N and P uptake
by faba bean.

Under sandy conditions,
addition of organic manure was
recommended in order to enrich
the soil fertility and to improve the
soil ~ physical  properties. This
addition was reported to increase
the efficiency of P fertilization
(Mahmoud, 1996; Fayed, 1999 and
Koreish et al., 2004).

The role of potassium cannot be
neglected regarding faba bean
production and hence seed quality
(Shehata et af, 1991; Soliman et
al., 1997 and Koreish et al., 2004).
However, El-Bana and Soliman
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(1994) reported that seed coat
percentage and swelling and
hydration coefficients of faba bean
were not significantly affected by
K fertilization level. Alderfasi and
Alghamdi (2010) obtained the
highest value of macro and
micronutrient uptake by adding
irrigation water up to 75% of water
holding capacity in the presence of
100 kg P,0s/ha and 200 kg K>O/ha
under Saudi Arabia conditions.

Therefore, the present study was
carried out to find out the effect of
irrigation interval, addition of
FYM and different P and K
fertilization levels on faba bean
seed quality and the efficiency of P
tertilization under sandy soil
conditions using Nubaria 1 faba
bean cultivar.

MATERIALS AND
METHODS
This investigation was

conducted in the Agricultural
Research Station of the Faculty of
Agriculture, Zagazig University at
El-Khatara, Sharkia Governorate
during the two growing scasons of
2004/2005 and 2005/2006. The
study aimed to investigate the
response of faba bean (Nubaria 1
cultivar) to irrigation interval (7
and 10 days), farmyard manuring
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(0 and 30 m¥fad) and P
(0,15.5,31.0 and 46.5 kg P,Os/fad)
and K fertilization levels (24 and
48 kg K,O/fad) under sandy soil
conditions. The soil of the
experimental site is sandy in
texture, where it had a particle size
distribution of 89.1, 6.6 and 4.3%
for sand, silt and clay, respectively.
The soil had an average pH of 8.1
and organic matter content of
0.28%. The average available soil
N, P and K contents were 15.4, 3.5
and 91.7 ppm, respectively.

Farmyard manure (FYM) as
delivered from the Agricultural
Research Station of the Faculty of
Agriculture had the following
nutrient contents : 302 ppm N, 440
ppm P, 1131 ppm K, 13.01%
organic matter, with a pH of 7.03
in the first season and 311 ppm N,
452 ppm P, 1143 ppm K, 13.52%
organic matter, with a pH of 6.89
in the second season. Farmyard
manure was soil incorporated
before sowing. Flood irrigation
was scheduled at seven or ten days
intervals after thinning (15 days
after planting). Phosphorus as
superphosphate (15.5% P;0s) and
potassiumt as potassium sulphate
{48% K,0) were mixed and hand
band placed below the seeding
level in two equal doses at thinning
(15 days after planting, DAP) and
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7 and 10 days later according to
the irrigation interval. Nitrogen as
ammonium sulphate (20.5% N) at
the rate of 100 kg/fad was applied
at planting as activating dose.

A split-split plot design with
four replications was used where
the main plots were occupied by
the irrigation interval and the first
order and second order sub-plots
were occupied by FYM and P x K
levels combinations, respectively.
The plot area (14 m?) included 7
rows of 4 m length and 50 c¢m
apart. The three central rows were
devoted for final yield
determination. Three seeds of faba
bean (Nubaria 1 cultivar) were
sown in hills 15 cm apart on the
first week of November in both
seasons. Faba bean was preceded
by a fallow in the two seasons.
After 15 days from planting the
seedlings were thinned to two
plants/hill {112 thousand
plants/fad). Seeds were inoculated
with  the proper inoculum
(Rhyzobium leguminosarum bv.
Viceae) at the rate of 2.5 gm/kg of
seeds. All the other cultural
practices were kept the same as
recommended. Harvest was made
in the first week of May in the two
seasons.

AbdulGalil, et al.

Recorded Data
Seed quality characters

At harvest, seed and total
yields/fad were recorded from the
three central rows. Ten pods were

randomly taken where the
following characters were
recorded:

1. Seed coat percentage.
2. Swelling coefficient :

= Seeds size after soaking for
20 hours/ seeds size before
soaking X 100.

3. Hydration coefficient :

= Seeds weight after soaking
for 20 hours/seeds weight
before soaking x 100.

Swelling and hydration
coefficients were determined as
mentioned by Hulse et al. (1977).

4. Seed protein content (%).

Total nitrogen was determined
using the Micro-kieldahl's method
as outlined by Cole and Parks
(1946). Protein content was
obtained by multiplying seed total
N by 6.25.

Phosphorus  uptake and

efficiency attributes

Phosphorus content in seeds and
straw was colorimetrically



Zagazig J. Agric. Res., Vol. 37 No. (5) 2010

determined as described by
Jackson (1973). The following P

efficiency attributes were

calculated:

1. Total phosphorus uptake
(TPU) as kg P/fad.

2. Phosphorus apparent recovery
efficiency (PARE) :
= Uy — Ug / added phosphorus

x 100 (%).

3. Phosphorus agrophysiological
efficiency (PAPE) :

= Yr - Yo/ U — Up (kg
seed/kg recovered P).
4. Phosphorus utilization
efficiency (PUE):

= T¢— Ty/ added phosphorus

5. Phosphorus agronomic
efficiency (PAE) :
=Y¢— Yy / added phosphorus

(kg seed/kg added P).

Where :

Uy = total P uptake of P fertilized
plants (kg).

Up=total P uptake of P
unfertilized plants (kg).

Y¢= seed yield of P fertilized
plants (kg).

Yo = seed yield of P unfertilized
plants (kg).
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T¢= total dry matter yield of P
fertilized plants (kg).

To= total dry matter yield of P
unfertilized plants (kg).

The aforementioned equations
were used according to Fageria et
al. (1997).

Analysis of varance and
combined analysis for the two
seasons were carried out as
described by Snedecor and
Cochran (1981). For comparison
between means, Duncan's multiple
range test was applied (Duncan,
1955). The response of seed yield
and its attributes to phosphorus
fertilization levels was also
calculated according to Snedecor
and Cochran (1981) using the
orthogonal polynomial tables for
the significant interactions
between factors under study. The
significancy of the linear and
quadratic components of each of
these equations was tested, then
the response could be described as
linear (first order) or quadratic
(second order). The maximum
predicted average (Ymax) which
could have been obtained due to
addition of the predicted maximum
P level (Xmax) was calculated
according to Neter ef al, (1990}
and AbdulGalil et al (2003). In
interaction tables, capital and small
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letters were used to compare rows
and columns means, respectively.
For simple comparison between
levels averages of any factor under
study, the main effect tables are
provided with the percentage
change in any character due to
prolonging  irrigation interval,
addition of FYM or the increase of
P and K levels.

RESULTS AND
DISCUSSION

Seed Quality Characters

Table 1 shows seed coat
percentage, swelling coefficient,
hydration coefficient and seed
protein content of faba bean as
affected by irrigation interval,
farmyard manure and P and K
fertilization and their interactions
in the two seasons and their
combined.

Irrigation interval effects

It is quite evident from Table 1
that narrowing the irrigation
interval from 10 to 7 days resulted
in a significant increase in seed
coat percentage but, however a
highly significant decrease 1in
swelling coefficient, hydration
coefficient and seed protein
content. These results clearly
indicate that the increase of seed

AbdulGalil, et al.

coat percentage due to narrowing
the irrigation interval was on the
expense of weight of cotyledons
where starch is accumulated. This
was therefore reflected in a
significant decrease in each of
swelling and hydration coefficients
and as well the seed protein
content These results are in
harmony with those reported by
Gendy et al. (1994), Elemery and
Elrabie(1997) and Ahmed (2004).

Farmyard manure effect

Addition of 30 m’/fad of FYM
resulted in a highly significant
increase in swelling coefficient,
hydration coefficient and seed
protein content in both seasons and
their combined. On the other hand,
the seed coat percentage was
significantly decreased in the first
season only, but was not confirmed
by the combined of the two
seasons (Table 1).

Here again, the negative
relationship between seed coat

percentage, on one hand, and
swelling coefficient, hydration
coefficient and seed protein

content on the other is clearly
observed. These results are in
accordance with those reported by
Mahmoud (1996), Fayed (1999}
and Koreish et al., (2004).



Table 1. Seed coat percentage, swelling coefficient, hydration coefficient and seed protein content
of faba bean as affected by irrigation interval, farmyard manure and P and K fertilization

levels and their interactions in the two seasons and their combined

Main effects and interactions

Seed coat percentage Swelling coefficient (%) Hydration coefficient

(7o) (%)

Seed protein content

(o)

i 2™ Comb. 1T 2" Comb__ 1% 3% Comb. IX___ 2" Comb.

Irrigation interval effect : (I

Every 10 days 988 1004 996 210.03 21228 211.15 19280 192,96 192.88 2890 30.83 2987
Every 7 days 10,16 1040 19028 20931 20940 20936 190.18 191.38 190.78 2747 2711 27.29
F test )k k% L 44 * % *k w¥ Kok *% sk *k Hek **
Farmyard manure effect : (M)

Without 10.07 1024 10.15 209.22 209.89 209.56 190.75 190.21 190.48 2748 2880 28.14
30 m¥fad 997 1020 31009 210.12 211.79 210.95 19223 194.13 193.18 2889 29.14 2902
F test %,k N.S N'S *k k& % ok X% R % ®k *k
Phosphorus level effect : (P)

Zero (Check) 10.51 a 10.57 a 10.54 a 208.96¢ 210.31¢ 209.64b 190.18¢ 191.01b 190.60b 27.14 ¢ 27.80b 2747 ¢
15.5 kg P,Og/fad 10.17 a 10.37 a 10.27 a 209.37b 210.55b 209.96b 190.78b 191.24b 191.01b 27.61 b 28.18b 2789 b
31.0 kg P,0O4/fad 978b 10.06b 9.92b 210.09a 211.09a 210.5%a 192.38a 193.14a 192.76a 28.91a 29.79a 2935
46.5 kg P,Os/fad 962L 9.88b 9.75b 210.26a 211.41a 210.84a 192.61a 193.29a 192,953 29.09a 30.12a 29.60 a
F test xR ok x% *% ** *k £ ¥ *k _E * % *k
Potassium level effect : (K)

24.0 kg K,O/fad 10.02 1025 10.14 20961 210.78 210.19 19143 192.13 191.78 28.16 28.89 128.53
48.0 kg K,0O/fad 10,02 1019 10.10 20973 210.90 210.32 191,55 192.22 19188 2821 2005 128.63
F test N.S N.S N.8 N.S N.S N.S N.S N.S N.S NS N.S N.S
Interaction effects :

IxM *% N.S N.S N.S ¥+ *%(1.a) N.S o k(lag) KK wk o wE(]g)
IxP NS N.S N.S N.S N.§S N.S NS *k N.S N.S % NS
IxK NS N.S N.S N.S N.S N.S NS N.S N.S N.S N.S N.S
MxP N.S N.S N.S N.S N.S N.S N.S N.S N.S NS N.S N.S
MxK N.S N.S N.S N.S N.§ N.S N.§ N.S NS N.S N.S N.S
Px K N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S

*, **% and N.S. indicate significant at 0.05, 0.01 and insignificancy, respectively.
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Phosphorus level effect

In the two seasons and their
combined, each P increment up to
addition of only 31.0 kg P,Os/fad
resulted in a significant decrease in
seed coat percentage (Table 1). On
the other hand, swelling and
hydration coefficients and seed
protein content were significantly
increased due to this addition
where the further P increment did
not add a further significant
increase in these characters. This
was true in both seasons and their
combined (Table 1).

The present results clearly
indicate the favourable effects of
phosphorus fertilization on seed
quality and all of its attributes as
was expressed in a significant
decrease in seed coat percentage
but, on the other hand, in a
significant increase in swelling and
hydration coefficients, as well as
seed protein content. This quality
improvements are expected to
improve the nutritive value and
cooking properties of seeds as
well. Similar results were reported
by Mowafy (1995), Mohamed et
al. (1999), Rifaat (2002) and El-
Gizawy and Mehasen {(2009).

Potassium level effect

Doubling the level of K
fertilization to 48 kg K,O /fad was

AbdulGalil, ef al.

without significant influence on all
seed quality characters. This was
true in both seasons and their
combined (Table 1). These results
are in agreement with those
reported by El-Bana and Soliman
(1994). However others reported
significant effect to K fertilization
on seed quality of faba bean
(Shehata et al, 1991; Soliman er
al., 1997 ; Koreish et al., 2004 and
Alderfasi and Alghamdi , 2010)

Interaction effect

The imigation interval x
manuring significantly affected
swelling and hydration coefficients
and seed protein content according
to the combined analysis (Table
1-a).

Table 1-a shows that swelling
and hydration coefficients and seed
protein content were significantly
decreased due to narrowing the
irrigation  interval but were
increased due to addition of FYM.
However, less frequent irrigations
were more effective on all these
quality attributes in the manured
plants than in the un-manured
ones, where the highest average
were recorded.

These results are  quite
interesting as they indicate that
from seed quality point of view,
less frequently irrigated plants when
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Table 1-a. Swelling and hydration coefficients and seed protein
content of faba bean as affected by irrigation interval x
farmyard manure interaction (Comb.)

Irrigation interval

Farmyard manure (m/fad)

Without 30
Swelling coefficient (%)
B A
Every 10 days 210.19a 212.12a
B A
Every 7 days 20892 b 209790
Hydration coefficient (%)
B A
Every 10 days 191.70 a 194.06 a
B A
Every 7 days 189.26 b 192.30 b
Seed protein content (%)
B A
Every 10 days 2927 a 3046 a
B A
Every 7 days 27.01b 27.57b

organic manured, produced seeds
of higher quality than those
frequently irrigated and un-
manured. In otherwords, the soil
water holding capacity might have
had improved, also, the soil
fertility level where wide irrigation
interval with organic manuring
plaved a complementary roles in
sustaining seed quality of faba
bean.

Phosphorus  Uptake
Efficiency Attributes

This part of the paper deals with
the uptake of P by faba bean plants
as recorded at harvest. From this

and

uptake and the seed and total
vields/fad, a number of P
efficiency attributes was calculated
and herein are presented.

Total phosphorus uptake /fad

The total phosphorus uptake
(TPU) as affected by irrigation
interval, farmyard manure and P
and K levels in the two seasons
and their combined is given in
Table 2.

Irrigation interval effect

In both seasons and their
combined, narrowing the irrigation
interval from 10 to 7 days resulted
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Table 2. Total phosphorus uptake (kg P/fad) of faba bean as affected
by irrigation interval, farmyard manure and P and K
fertilization levels and their interactions in the two seasons
and their combined

Main effects and interactions 1" 2™ Comb.
Irrigation interval effect : (I}
Every 10 days 4.818 5.120 4.969
Every 7 days 7.106 7.400 7.253
F test %k Kk Foke
Difference (+) 46.0
Farmyard manure effect : (M)
Without 4.452 5.260 4.856
30 m’/fad 7.472 7.260 7.366
F test L3 dee %
Difference (+) 51.7
Phosphorus level effect : (P}
Zero (Check) 0.836d 1.0104d 0.923d
15.5 kg P,Os/fad 4.760 ¢ 4.900 ¢ 4.815¢c
31.0 kg P,0O/fad 8973 b 8.775b 8874 b
46.5 kg P,0y/fad 9309 a 10.357 a 9833 a
F test *% * % &%
Difference (+) 965.3
Potassium level effect : (K)
24,0 kg K,;0/fad 5.928 6.110 6.019
48.0 kg K,O/fad 5.99¢6 6.410 6.203
F test NS N.S N.S

Difference (+) : -
Interaction effects :

IxM L33 w*k **(2-a)
IxP ok k% **(Z-b)
IxK NS N.S N.S
MxP *k *¥k **(2_(:)
MxK N.S N.S N.S
PxK N.S N.S N.S

* ** and N.S. indicate significant at 0.05, 0.01 and insignificant, respectively,

+ Percentage change due to the addition of the highest P level compared with the check P level,
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in significant increase in TPU. The
average increase was from 4.969 to
7.253 kg P /fad (46.0%).

These results refer to more
availability of P for the frequently
irrigated plants. The increase of
soil moisture content, always,
increases the availability of soil
and fertilizers added phosphorus
(Russel, 1973).

Farmyard manure effect

Addition of 30 m*/fad of FYM
was followed by, a significant
increase in TPU in the two seasons
and their combined. The average
increase was from 4.856 to 7.366
kg P/fad (51.7%).

Tisdale and Nelson (1975)
indicated that soil organic matter
plays a favourable role regarding
the availability of soil phosphorus
through the evolution of CO,
during decomposition along with
the release organic anions, which
chelate calcium under alkaline soil
conditions. Added FYM, which
also was rich in phosphorus,
increased P uptake.

Phosphorus level effect

Addition of phosphorus and the
increase of its level of application
up to 46.5 kg PyOs/fad was
accompanied by a  highly
significant increase in TPU in
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the two seasons and their
combined. The average increase
was from 0.923 to 9.833 kg P/fad
(965.3%).

The soil of the experimental site
wis very poor from available
phosphorus (3.5 ppm), therefore,
the TPU did not surpass 1 kg P/fad
for the check P treatment. This
explains the significant increase of
P uptake up to the addition of 46.5
kg P,Os/fad which amounted to
9.833 kg P /fad (22.5 kg P»0s
/fad).

Potassium level effect

Doubling the level of K
fertilization to 48 kg K,O/fad was
without significant influence on
TPU. This was true in both seasons
and their combined (Table 2).

Interaction effect

The irrigation interval x
manuring, irrigation interval x P
level and manuring x P level
interactions affected significantly
the TPU according to the
combined analysis.

Table 2-a shows that shortening
the irrigation interval increased the
TPU but with greater magnitude in
the manured than in the un-
manured plots. Also, addition of
FYM increased the TPU with
greater magnitude in the frequently
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Table 2-a. Total phosphorus uptake (kg P/fad) of faba bean as
affected by irrigation interval x farmyard manure
interaction (Comb.)

Irrigation interval Farmvard manure (m’/fad) Difference (%)
Without 30
B A
Every 10 days 4.519b 5420b 19.9
B A
Every 7 days 5193 a 9314a 79.4
Difference (%) 14.9 71.8

Table 2-b. Total phosphorus uptake (kg P/fad) of faba bean as
affected by irrigation interval x P level interaction and
the response equations, as well as, predicted maximum

(Y max) and P level (Xuax) (Comb.)

Frrigation P level (kg P;04/fad) Response equations ¥ X max
interval Check 155 310 465 Y =a+bx-cx? MaxX (kg PO
D C B A ¥ = 0488+ 4397**
Every 10 days 0.624b 3874b 7.271b 8.107h x — 0.604%* x* 8490 564
D C B A ¥ =1.031 + 61627

Every 7days 1.222a 5.755a 10.478a 11.558a x - 0.863%* x* 12.030 553

Table 2-c. Total phosphorus uptake (kg P/fad) of faba bean as
affected by farmyard manure x P level interaction and
the response equations, as well as, predicted maximum

(SA( max) and P level (X.,) (Comb.)

Farmyard P level (ngoslfad) Response equations Y max X max
manure Check 155 310 465 ¥ =a+bx—cx’ (kg POJad)
(m*/fad)

b C B A Y =0.489 + 4.162%*
Without 0.660b 3603 b 7.181b 7.891 b x = 0.536%* x* 8.568 60.2
D C B A ¥ =1.031+ 6396

30 1.187a 6.027a 10.567 11.684 a x — 0.931%* x* 12.016 53.2
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irrigated than in the less frequently
irrigated plots.

Table 2-b shows that TPU was
significantly increased due to ecach
increase of P level. The response
equations showed that the response
was positive and diminishing by
the frequently and the less
frequently 1irrigated plants. The
TPU could have been maximized
to 8.490 kg P/fad if the level of P
could have been increased to 56.4
kg P;0Os/fad in the less frequently
irrigated plots, compared with
12.030 kg P/fad if the level of P
could have been increased to only
55.3 kg P2Os/fad in the frequently
irrigated ones.

Table 2-c shows that TPU was
significantly increased due to the
increase of P level. The response
equations showed that the response
was positive and diminishing by
the manured and the un-manured
plants. The TPU could have been
maximized to 8.568 kg' P/fad if the
level of P could have been
increased to 60.2 kg P,Os/fad in
the un-manured plots, compared
with 12.016 kg P/ fad if the level
of P could have been increased to
only 53.2 kg P»Os /fad in the
manured ones.
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These interactions, clearly
indicate that both the frequent
irrigations and the addition of
FYM played favourable effects
regarding the increase  of
phosphorus availability and hence
the increase of its uptake.

Phosphorus apparent recovery
efficiency

The  phosphorus  apparent
recovery  efficiency  (PARE)
expresses the percentage of total P
uptake from added P fertilizer. The
PARE as affected by irrigation
interval, farmyard manure and P
and K levels in the two seasons
and their combined is given in
Table 3.

Irrigation interval effect

Narrowing  the irrigation
interval to 7 instead of 10 days was
followed by a significant increase
in PARE in the two seasons and
their combined. This recovery was
increased from 44.62% to 62.04%
according to the combined
analysis.

These results clearly indicate
that shortening the irrigation
interval played a good role in
making more of added phosphorus
available and hence increased the
efficiency of its uptake by faba
bean plants.
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Table 3. Phosphorus apparent recovery efficiency (%) of faba bean
as affected by irrigation interval, farmyard manure and P
and K levels fertilization and their interactions in the two
seasons and their combined

Main effects and interactions 1" - Comb.
Irrigation interval effect : (I)
Every 10 days 44.78 44 .46 44.62
Every 7 days 60.81 63.27 62.04
F test feske *¥% R
Farmyvard manure effect : {M)
Without 44.33 40.76 42.54
30 m*/fad 61.26 66.97 64.12
F test * % * % sk
Phosphorus level effect : (P)
Zero (Check) - - -
15.5 kg P,Os/fad 56.99 a 5797 a 5748 a
31.0 kg P.Os/fad 58.95a 58.41 a 58.68 a
46.5 kg P,Os/fad 42.46b 45220 43.84 b
F test * %k %% *%
Potassium level effect : (K)
24.0 kg K,O/fad 50.29 53.68 51.98
48.0 kg K,O/fad 55.30 54.05 54.68
F test * N.S *
Interaction effects :
IxM
I1xP *k " ** (3.9)
IxK N.S * N.S
MxP NS N.S N.S
M X K * 4.3 Rk (3,b)
PxK NS N.S * (3-¢)

N.S N.S N.S

* % and N.S. indicate significant at 0.05, 0.01 and insignificant, respectively.
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Farmyard manure effect

Addition of FYM significantly
increased the PARE in the two
seasons and their combined from
42.54% to 64.12%when 30 m’/fad
of FYM were added according to
the combined of the two seasons.

It seems evident that FYM
addition increased the availability
of added phosphorus. The increase
of CO; evolution and the release of
organic anions during organic
matter decomposition are known to
increase the availability of soil
phosphorus (Tisdale and Nelson,
1975).

Phosphorus level effect

In both seasons and their
combined, the increase of P level
beyond 31.0 kg P,Os/fad, was
followed by a significant decrease
in PARE. These results could be
attributed to the noticeable
diminishing increase in total P
uptake with each increase in P
level (Table 3).

Potassium level effect

Doubling the level of K to 48
kg K;O/fad resulted in a
significant increase in PARE in the
first season and the combined
where 1t was increased from
51.98% to 54.68% according to the
combined.
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These results are  quite
interesting as the increase in the
level of added K might have had
increased root extension and hence
more root surface was served by
faba bean plants for P uptake.
Potassium plays a role in
photosynthates partitioning
towards roots as was reported by
Mengle ef al. (1974) in faba bean.

Interaction effect

The irrigation interval x
manuring, manuring x P level and
manuring x K level interactions
affected significantly the PARE
according to the combined
analysis.

Table 3-a shows that shortening
the irrigation interval increased the
PARE but with greater magnitude
in the manured plots than in the
un-manured ones. Also, addition of
FYM increased the PARE with
greater magnitude in frequently
irrigated than in the less frequently
urigated plots. Therefore, addition
of FYM along with shortening the
irrigation interval maximized the
PARE which amounted to 79.78%.

These results clearly indicate
that addition of FYM and
shortening the irrigation interval
played  complementary  roles
regarding the efficiency of faba
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Table 3-a. Phosphorus apparent recovery efficiency (%) of faba bean
as affected by irrigation interval x farmyard manure
interaction (Comb.)

Irrigation interval Farmyard manure (m’/fad)
Without 30
B A
Every 10 days 40.79 b 48.46 b
B A
Every 7 days 4430 a 79.78 a

Table 3-b. Phosphorus apparent recovery efficiency (%) of faba bean
as affected by farmyard manure x P level interaction and
the response equations, as well as, predicted maximum

(Y max) and P level (Ximax) (Comb.)

Farmyard P level (kg P,O5/fad) Response equations Y max X max
manure 155 310 46.5 Y =a+bx—cx? n
(m’/fad) ' rLOsing)
A A B T = 43.47 + 13.04%*

Without 4347h 48.13b 36.03a X - 838%* x* 48.54 276
A A B Y =7148 + 5.30%* x

30 7148a 6922a 5165a = 7.65%* x% 72.43 21.0

Table 3-c. Phosphorus apparent recovery efficiency (%) of faba bean
as affected by farmyard manure x K level interaction

(Comb.).
Farmyard manure K level (kg K,O/fad)
(m*/fad) 24 48
A _ A
Without 42.64b 42.45b
B A

30 61.32 a 66.92 a
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bean plants in uptaking added
phosphorus. Added FYM,
enhances P uptake through its
favourable effect in keeping added
P available against fixation,
whereas, shortening the irrigation
interval, made phosphorus more
soluble.

Table 3-b shows that the
increase of P level beyond 31.0 kg
P,0s5 / fad, decreased the PARE
with greater magnitude in the
manured than in the un-manured
plots. According to the response
equations, the decrease of PARE
was diminishing in the manured
and un-manured plots. Therefore,
addition of 21.0 kg P,Os/fad could
have been used to maximize the
PARE to 72.43% in the manured
plots compared with 27.6 kg
P,0s/fad needed to maximize this
efficiency to, only, 48.54% in the
un-manured plots.

Table 3-¢c shows that the
increase of K level was without
significant effect on PARE in the
un-manured plots, whereas it
increased it in the manured ones.
However, addition of FYM was
effective to increase the PARE at
the two K levels but with greater
magnttude at the high than at the
low K level.
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According to these interactions,
organic manuring played an
interacting effect with irrigation
interval, P and K levels in
affecting the PARE. These
interactions clearly indicate that
organic manuting was
indispensable to maximize the
PARE when the irrigation interval
was shortened and the P level was
adopted around 20 kg P,Qs /fad
and the K level was doubled to 48
kg K,0 /fad.

It is worth to note that the
PARE averages, recorded, herein,
are quite high when compared with
those reported in the literature by
Fageria ef al. (1997). This could be
attributed to a more availability of
added P under sandy soil
conditions, as well as, a more need
of faba bean plants to this addition
as the soil of the experimental site
was very poor in its fertility level
from available phosphorus (3.5
ppm P).

Phosphorus agrophysiological
efficiency

The phosphorus
agrophysiological efficiency
(PAPE) expresses the efficiency
of a unit of P uptake from fertilizer
phosphorus in building up the seed
yield. Therefore, it is expressed as
kg seed/kg recovered P.
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Table 4. Phosphorus agrophysiological efficiency (kg seed/kg recovered P)
of faba bean as affected by irrigation interval, farmyard manure
and P and K levels fertilization and their interactions in the two
seasons and their combined

Main effects and interactions 1" 2~ Comb.
Irrigation interval effect : (I)
Every 10 days 77.74 78.12 77.93
Every 7 days 84.07 85.61 84.84
F test L4 &k *k
Difference (+) 8.9
Farmyard manure effect : (M)
Without 74.23 75.67 74.95
30 m’/fad 87.58 88.06 87.82
F test & *k *%x
Difference (+) 17.2
Phosphorus level effect : (P)

Zero (Check) - - -
15.5 kg P,0s/fad 67.59b 68.01b 67.80b
31.0 kg P,Os/fad 8813 a 87.97 a 88.05a
46.5 kg P,0s/fad 87.01a 89.62 a 88.32a
F test & k% &
Difference (+) 30,3
Potassium level effect : (K)
24.0 kg K;O/fad 80.29 80.40 80.35
48.0 kg K;0O/fad 81.52 83.33 82.42
F test NS N.S NS

Difference (+) -~
Interaction effects :

1xM N.S * N.S
I X P wR *k wk (4_a)
IxK N.S N.§ N.S
MxP N.S xx ** (d-b)
MxK N.S NS NS
PxK N.S NS N.S

* ** and N.S. indicate significant at 0.05, 0.01 and insignificant, respectively.

+ Percentage change due to the addition of the highest P level compared with the check P level.



Zagazig J. Agric. Res., Vol. 37 No. (5) 2010

The PAPE as affected by
irrigation interval, organic
manuring and P and K levels in the
two seasons and their combined is
given in Table 4.

Irrigation interval effect

The PAPE was significantly
increased due to shortening the
rrigation interval to 7 instead of
10 days. This was true in the two
scasons.  According to  the
combined analysis, the PAPE was
increased from 77.93 to 84.84 kg
seed /kg P due to narrowing the
irrigation interval.

These results clearly indicate
that the increase of PARE (Table
4) due to narrowing irrigation
interval was followed by a
significant increase in PAPE. This
increase in percentage amounted to
8.9% according to the combined
analysis.

Farmyard manure effect

Addition of FYM  was
accompanied by a significant
increase in PAPE in the two

seasons and their combined. This
increase was 17.2% according to
the combined analysis. This
indicates that addition of FYM was
more effective than parrowing the
irrigation interval as far as the
beneficial effect on PAPE. This
effect was about double of the
effect of narrowing the irrigation
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interval (8.9%). These results are
logic as the addition of organic
matter plays a role in increasing
the availability of soil moisture in
addition of its favourble effect on
the availability of phosphorus.
Therefore, FYM had dual roles, i.e
the increase of soil moisture
availability as well as the increase
of P availability. This in tumn
increased P uptake and hence
increased the PAPE observed
herein.

Phosphorus level effect

The increase of P level from
155 to 31.0 kg P,Os/fad was
followed by a significant increase
in PAPE in the two seasons and
their combined. The further
increase of P level was without
significant effect on PAPE. These
results clearly indicate that 31.0 kg
P,Os/fad were quite enough to
maximize the PAPE as well as the
PARE (Table 4).

Potassium level effect

Doubling the level of potassium
was without significant effect of
PAPE in the two seasons and their
combined.

Interaction effect

The irrigation interval x P level
and manuring x P level
interactions affected significantly
the PAPE according to the
combined analysis. :
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Table 4-a. Phosphorus agrophysiological efficiency (kg seed/kg
recovered P) of faba bean as affected by irrigation
interval x P level interaction and the response equations,

as well as, predicted maximum (Y ) and P level (Xmax)

(Comb.)
Irrigation P Jevel ik:g P,0/fad) Response equations Y max X max
interval 15.5 31.0 465 Y =a+bx-cx (kg P/fad)  agr.oine
B A A ¥ =159.170 + 36.50**x
Every 10 days 59.17b 8503a 89.62a ~10.64** x* 9047 42.1
B A A Y=7643+23.98%*x -
Every 7days  76.43a 9106a 8702a 9.34%* x? 91.82 354

Table 4-b. Phosphorus

agrophysiological efficiency (kg seed/kg

recovered P) of faba bean as affected by farmyard
manure X P level interaction and the response equations,

as well as, predicted maximum (? max) and P level (Ximax)

{(Comb.)

Farmyard P level (ké P,0g/fad) Response equations ¥ max X max
manure 155 310 46.5 ¥ =a+bx-cx (kg PLOd)
(m’*/fad)

B A A ¥ =55.21 +42.00%% x
Without 5521b 8389a 85.743 —13.41%* X 88.24 39.8
B A A Y =80.39 +18.37%*
30 $0.39a 9220a 9090a X ~6.56%* x* 93.25 37.2
It is evident from Table 4-a that frequently irrigated faba bean

the P increment from 15.5 to 31.0
kg P,Os/fad was effective to
increase significantly the PAPE
but, the further increase of P level
did not add a further increase in
PAPE. However, the response
equations, showed that the effect
was of different magnitudes due to
varying the irrigation interval. The

plants were in need for only 35.4
kg P,0Os /fad to maximize the
PAPE to 91.82 kg /kg P compared
with 42.1 kg P,0s/fad needed to
maximize this efficiency to 90.47
kg /kg P by the less frequently
irrigated ones.

These results clearly indicate
that keeping the irrigation interval
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at 7 days decreased the neced for
more P in order to maximize the
PAPE.

It is evident from Table 4-b that
no further significant increase was
observed in the PAPE due to the
increase of P level beyond 31.0 kg
P;Os/fad. This was true in the
manured and un-manured plots,
but with different magnitudes. The
response equations of PAPE to the
increase of P level were
diminishing but a relatively higher
response was observed in the
manured than in the un-manured
plots. However, less P was needed
to maximize the PAPE to a higher
predicted average in the manured
than in the un-manured ones. In
the formers PAPE could have been
maximized to 93.25 kg seed’kg P
compared with 88.24 kg seed’kg P
in the latters due to .predicted
additions of 37.2 and 39.8 kg P,0s
/fad in respective order.

Phosphorus utilization
efficiency
The phosphorus  utilization

efficiency (PUE) refers to the
efficiency of a unit added P in
building up the total faba bean
yield. Therefore it is expressed as
kg total yield produced by a unit of
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added P. The PUE as affected by
irrigation interval, organic
manuring and P and K levels in the
two seasons and their combined is
given in Table 5.

Irrigation interval effect

Shortening  the  irrigation
interval resulted in a significant
increase in the PUE in the two
seasons and their combined where
the average increase amounted to
53.0%. These results clearly
indicate that the utilization of a
unit of added P was so much
increased due to narrowing the
irrigation interval.

Farmyard manure effect

Addition of FYM significantly
increased the PUE in the two
seasons and their combined Table
5. According to the combined
analysis this increase amounted to
65.9% compared to an increase of
53.0% due to shortening the
irrigation interval to 7 days. This
indicates that organic manuring
was more effective than irrigation
interval in governing the PUE.
Similar effect was observed in
PAPE (Table 4) and was attributed
to the role of organic matter in
maintaining both the soil moisture
and phosphorus availabilities.
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Table 5. Phosphorus utilization efficiency (kg biomass/kg added P) of
faba bean as affected by irrigation interval, farmyard
manure and P and K levels fertilization and their
interactions in the two seasons and their combined

Main effects and interactions 1* 2 Comb.
Irrigation interval effect : (I)
Every 10 days 63.01 59.97 61.49
Every 7 days 92.47 95.67 94.07
F test ek % %%
Difference (+) 53.0
Farmvard manure effect : (M)
Without 58.97 58.04 58.51
30 m’/fad 96.51 97.60 97.05
F test * & %k de ¥
Difference (+) 65.9
Phosphorus level effect : (P
Zero (Check) - - -
15.5 kg P,05/fad 72.96 b 77.80 b 7538b
31.0 kg P,Os/fad 90.81 a 92.77 a 91.79 a
46.5 kg P,O+/fad 69.46 ¢ 62.89 ¢ 66.18 ¢
F test R *® % K
Difference (+) -12.2
Potassium level effect : (K)
24.0 kg K;O/fad 74.00 77.12 75.56
48.0 kg K,O/fad 81.48 78.52 80.00
F test * N.S *
Difference (+) 59
Interaction effects :
I X M W e % (5'-3)
IxP deoke ek *k (S-b)
IxK N.S N.S N.S
MxP * *k *% (5-(:)
MxK N.S * ** (5-d)
PxK N.S N.S N.S

* %% and N.S. indicate significant at 0.05, 0.01 and insignificant, respectively.
+ Percentage change dug to the addition of the highest P level compared with the check P level.
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Phosphorus level effect

Doubling the level of P to 31.0
kg P,Os/fad was effective to
increase significantly the PUE
whereas tripling this level to 46.5
kg P,Os/fad decreased it. This was
true in the two seasons and their
combined (Table 5). These results
again strengthen the view that PUE
was more sensitive than PAPE in
expressing the effect of P level on
the efficiency of added or
recovered phosphorus. The data
further indicate that faba bean
plants made the best utilization of
added P when given at 31.0 kg
P»0Os/fad level.

Potassium level effect

In the first season and the
combined of the two seasons,
doubling the level of K to 48 kg
K,O/fad was accompanied by a
significant increase in PUE.
However, this effect was so much
limited where it amounted to only
5.9% compared with 53.0% and
65.9% obtained due to narrowing
the irrigation interval and addition
of FYM. in respective order (Table
5).

Interaction effect

The PUE was significantly
affected by all the first order
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interactions except the | x K and P
x K interactions (Table 5).

It is evident from Table 5-a that
narrowing the irrigation interval to
7 days was much more effective on
PUE in the manured than in the
un-manured plots. Therefore, the
highest PUE (124.96 kg/kg P) was
recorded when FYM was added
and irrigation was scheduled at 7
days. However, organic manuring
was more effective (97.8%) than
irrigation interval (80.7%) in this
respect.

It is evident from Table 5-b that
the PUE showed diminishing
response to the increase of P level
at the two irrigation intervals but
with different magnitudes.
According to the response
equations, lower predicted P level
{269 kg P,0Os / fad) could have
been used to maximize the PUE
to 11048 kgkg P with more
frequent irrigations than that which
could have been used (32.0 kg
P;0s /fad) to maximize it to
only 7472 kgkg P with less
frequent irrigations. Therefore,
frequent irrigations at 7 days
interval afforded faba bean plants
the best utilization of added P
in building up their total biomass.
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Table 5-a. Phosphorus utilization efficiency (kg biomass/kg added P)
of faba bean as affected by irrigation interval x farmyard
manure interaction (Comb.)

Irrigation interval Farmyard manure (n*/fad) Difference (%)
Without 30
B A
Every 10 days 53.84b 69.16 b 285
B A
Every 7 days 63.19a 12496 a 97.8
Difference (%) 17.4 80.7

Table 5-b. Phosphorus utilization efficiency (kg biomass/kg added P)
of faba bean as affected by irrigation interval x P level
interaction and the response equations, as well as,

predicted maximum (Y max) and P level (Xyay) (Comb.)

Irrigation P level (kg PO /fad) Response equations ¥ max X max
interval 155 31.0 46.5 Y =a+bx-cx? tkg BOE)
B A B Y =52.41+41.94%* x
Every 10 days 5241b 7464b 5744a — 19,71 x? 74.72 320
A A B ¥ = 98.36 + 32.88* x
Every 7days  98.36a 10894a 7492a - 22.30%* x? 110.48 26.9

Table 5-c. Phosphorus utilization efficiency (kg biomass/kg added P)
of faba bean as affected by farmyard manure x P level
interaction and the response equations, as well as,

predicted maximum (? max) and P level (Xjuay) (Comb.)

Farmyard P level (kg P;O¢/fad) Response equations Ymax X max
manure (m’*#ad) ~ 155 31.0 465 Y =a+hx—cx? kg B0
B A B Y = 4795+ 48.08% x —
Without 4795bh 7352Zb 54.06a 22 51%* x? 73.62 321
A A B ¥ =102.81 +26.75%% x
30 102.81a 116.06a 78.30a — 19.50%* x? 111.98 26.1

Table 5-d. Phosphorus utilization efficiency (kg biomass/kg added P)
of faba bean as affected by farmyard manure x K levels
interaction (Comb.)

Farmyard manure K level (ke K,O/fad) Difference (%)
(m®/fad) 24 a8
A A
Without 5942b 5760 Db -
B A
36 91.71 2 10241 2 11.7

Difference (%) 543 778
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It is evident from Table 5-c that
the response of PUE to the
increase of P level was
diminishing in the manured and
un-manured plots. However, lower
predicted P level was needed to
maximize PUE to a higher
maximum in the manured than in
the un-manured plots.

It is evident from Table 5-d that
doubling the K level to 48 kg K,O
/tad was without significant effect
on PUE of the un-manured faba
bean plants. However, this addition
increased significantly PUE of the
manured faba  bean  ones.
Therefore, the highest PUE
(102.41 kg/kg P) was recorded for
the manured faba bean plants when
fertilized with 48 kg K,0 /fad.

Phosphorus agronomic
efficiency
The phosphorus agronomic

efficiency (PAE) expresses the
efficiency of a unit of added P in
building up the seed yield. The
PAE as affected by irrigation
interval, organic manuring and P
and K levels in the two seasons
and their combined is given in
Table 6.

Irrigation interval effect

Nartowing  the  irrigation
interval to 7 instead of 10, days
increased significantly the PAE in
the two seasons and their
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combined where the average
increase amounted to 55.5% Table
6. These results confirm those of
the PUE where the average
increase due to narrowing the
irrigation interval amounted to
53%. These clearly indicate that

the unit of added P was much more
effective in increasing the seed
yield as well as the total faba bean
biomass, when irrigation interval
was shortend.

Farmyard manure effect

Addition of FYM effectively
and significantly increased the
PAE in both seasons and their
combined where the average
increase reached 78.6% i.e much
more effective than narrowing the
irrigation interval (Table 6).

Phosphorus level effect

The increase of P level to 31.0
kg P,Os/fad was followed by a
significant increase in PAFE, but the
further increase of P level
decreased it significantly in both
seasons and their combined.

Similar effect was observed in
all P efficlency attributes,
particularly the PUE (Table 5).
Therefore, the 2™ P fertilization
level i.e. 31.0 kg P,Os/fad was the
optimum level as far as the use of
unit of added P in maximizing both
the PUE and the PAE.
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Table 6. Phosphorus agronomic efficiency (kg seed/kg added P) of
faba bean as affected by irrigation interval, farmyard
manure and P and K levels fertilization and their
interactions in the two seasons and their combined.

Main effects and interactions 1* 2" Comb.
Irrigation interval effect ; (1)
Every 10 days 32.33 37.03 34.68
Every 7 days 5539 52.47 53.93
F test ok ¥ **k
Difference (+) 55.5
Farmyard manure effect : {M)
Without 30.27 33.35 31.81
30 m’/fad 57.45 56.15 56.80
F test e sk * ¥
Difference (+) 78.6
Phosphorus level effect : (P) '
Zero (Check) - - -
15.5 kg P,0Oy/fad 43.75b 40.11b 41.93b
31.0 kg P,O/fad 51.88a 5290 a 52.39a
46.5 kg P,0s/fad 3595¢ 41.23 b 3859b
F test *% sk ek
Difference (+) -8.0
Potassium lfevel effect : (K)
24.0 kg K,0/fad 41.64 42,98 42.31
48.0 kg K,O/fad 46,08 46.52 46.30
F test * N.S *k
Difference (+) 9.4
Interaction effects :
I X M ek * ok * % (6"3)
I X P * % * % %k (G_b)
IxK * NS N.S
MxP ¥ *% ** (6-C)
MxK b N.S ** (6-d)
PxK N.S N.S N.S

* ** and N.S. indicate significant at 0.05, 0.01 and insignificant, respectively.
+ Percentage change due to the addition of the highest P level compared with the check P level.
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Potassium level effect

Doubling the level of K was
effective to increase the PAE
significantly in the first season and
the combined of the two seasons
Table 6. However, this effect was
not as much as the effect of either
narrowing the irrigation interval or
the addition of organic matter.

Interaction effect

It 1s evident from Table 6-a that
narrowing the irrigation interval
was much more effective on PAE
of the manured than the un-
manured  plants  where the
maximum PAE (72.82 kg / kg P)
was recorded for the manured faba
bean plants when received
irrigation at 7 day interval. Here
again, organic manuring was much
more effective (107.6%) than
irrigation interval (78.6%) in this
respect.

It is evident from Table 6-b that
the PAE could have been
maximized to 63.44 kg/kg P with
the addition of a predicted P level
of 279 kg P,Os/fad when
irrigation was given at 7 day
interval. Higher addition of 32.4
kg P;Os/fad was needed to
maximize it to only 41.95 kg /kg P
when the imrigation interval was
prolonged to 10 days.

It 1s evident from Table 6-c that
a lower predicted P level of 26.6
kg P,0Os /fad could have been used
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to maximize the PAE to 65.45
kg/kg P for the manured plants
compared to a higher level of 33.0
kg P,Os/fad needed to maximize
PAE to only 40.46 kg/kg P for the
un-manured ones.

Finally results in Table 6-d,
indicate that the increase in PAE
due to the increase of K level was
of greater magnitude in the
manured than in the un-manured
ones where the maximum PAE
was recorded (60.84 kgkg P)
when the high K level was used to
fertilize the manured faba bean
plants. Surprisingly, K fertilization
(91.3%) was more effective than
organic manuring (15.3%) in this
respect. However, this result
certained the role of K fertilizer in
increasing efficiency of added P
unit in building up the seeds with
the exposure to water stress late in
the season, duc to the raise in
temperature and the increase in
biomass of faba bean plant.

Similar interaction effects were
observed in the PUE Table 5-a to
5-¢ indicating the favourable roles
of either narrowing irrigation
interval or addition of organic
matter in  maximizing the
efficiency of added P in building
up the seed and hence the total
yield of faba bean plants. In all
cases, Organic manuring was more
effective than scheduling itrigation
in all these respects.
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Table 6-a. Phosphorus agronomic efficiency (kg seed/kg added P) of
faba bean as affected by irrigation interval x farmyard
manure interaction (Comb.)

Irrigation interval Farmyard manure (m’/fad) Difference (%o)
Without 30
B A
Every 10 days 2850 40.77b 42.8
B A
Every 7 days 35.08 a 7282a i07.6
Difference (%) 23.1 78.6

Table 6-b. Phosphorus agronomic efficiency (kg seed/kg added P) of
faba bean as affected by irrigation interval x P level
interaction and the response equations, as well as,

predicted maximum (¥ ;) and P level (Xp,) (Comb.)

Irrigation P level (kg P;Os/fad) Response equations Ymax X max
interval 155 31.0 46.5 ¢ =a+bx—cx? (kg P.OWIR)
B A B Y =29.11 +23.52%*
Every 10days 29.11b 41.85b 33.06a X~ 10.77%% x* 41.95 324
B A C ¥ =54.81 + 21.54**
Every 7days S54.8la 6291a 44.13a x — 13.44%* x* 63.44 27.9

Table 6-c. Phosphorus agronomic efficiency (kg seed/kg added P) of
faba bean as affected by farmyard manure x P level
interaction and the response equations, as well as,
predicted maximum (Y ;) and P level (X,,.x) (Comb,)

Farmyard P level (kg PO /fad) Response equations ¥ max X max
manure (m*/fad) ~ 155 310 46.5 ¥ =a+bx-cox’ (g P O
C A B Y =24.38 + 28.50** x
Without 2438b 40.25b 30.86=a ~12.63%~ x* 40.46 33.0
A A B ¥ = 50,54 + 16.55%* x
30 59.54a 64.51a 46.33a —~11.58%* ¢ 65.45 26.6

Table 6-d. Phosphorus agronomic efficiency (kg seed/kg added P) of
faba bean as affected by farmyard manure x K level
interaction (Comb.)

Farmyard manure K level (kg K;0/ad) Difference {%)
(m’/Had) 24 43
B A
Without 31.86a 52.75b 65.6
B A
30 31.80a 60.84 a 91.3

Difference (%) -- : 15.3
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