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Effect of Bacterial Inoculation and Spraying with
K;HPQ, on Egyptian Clover in A Calcareous Soil
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WO FIELD experiments were conducted in a normal calcareous

soil at Noubaria to assess the effects of inoculation with N2-fixing
bacteria and /or two doses of K,HPQ; on Egyptian clover (Trifolium
alexandrinum) growth.

In both nals, seeds were inoculated with Rhizobium leguminosarum
_ biovar trifolii on sowing day. Then, plants were sprayed three times
with some N2-fixing bacteria, Bacillus polymyxa, Azospirillum
brasilense and Azotobacter chroococcum. Plants were sprayed three
times with two rates of K;HPO,, the first 0.8 kg P and 2 kg K/fed as
recommended rate and the second was twice the recommended one.
Three cuts were taken after 11, 20 and 30 weeks of planting in the first
season and two cuts were taken after 11, 30 weeks of planting the
second one.

The obtained data showed that inoculation with N fixing micro -

organisms to increase fresh and dry vield of clover significantly over
the non inoculated plant. Uptake of N, P and K in all the cuts increased
significantly with that treatment which also increased nitrogenase
activity in root nodules and dehydrogenase in rhizosphere soil over the
significancy limits.

Apart from the applied foliar fertilizer rate, the foliar application of
K,HPO, resulted in same trend noticed in yield and N, P and K uptake
achieved by bacterial inoculation in most tested treatments. Thus low rate
of P and K applications (0.8 kg P / fed nd 2 kg K / fed) were enough to
correct both P and K deficiency in such tested calcareous soil.

The combination of both inoculation and K;HPO, foliar application
resulted in some interaction effects on those studied parameters and in the
other cases, However, either of bacterial inoculation or K;HPQ, foliar
application played its role individually.

Finally, seed clover inoculation and / or plant foliation with 4.5 kg
K;HPQ, applied in 3 equal doses may be recommended to obtain the
best quantity and quality of clover under such soil condition. Di
potassium phosphate did not increase significantly nitrogenase and
dehydrogenase activities.

Keywaords: Calcareous soil, Egyptian clover (Trifolium alexandrinum),
Rhizobium leguminosarum biovar trifolii, Bacillus pelymyxa,
Azospirillum brasilense, Azotobacter chroococcum, KoHPO..
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Egyptian clover is the most important forage winter crop in Egypt. Its cultivated
area almost amounts to 1.25 million feddans of the total area around 7.5 million
fedflans. The new reclaimed area including the sandy and calcareous soils should
be associated in producing more forages for animal wealth. Therefore increasing
productivity of quality and quantity of clover in such new reclaimed area should
be given more attention.

Phosphorus and potassium are important elements for increasing clover
productivity. Phosphorus has a role in plant life throw energy storage and
transfer. It acts as a linkage unit, has a vital metabolic role and is considered an
important structural component of wide varieties of biochemical materials
including nucleic acids, coenzymes, phosphoproteins, phospholipid and sugar
phosphates (Daniel et al,, 1998). Potassium is a mobile element in the plant
tissues and it plays an important role in photosynthesis through carbohydrate
metabolism, osmotic regulation, nitrogen uptake and translocation of assimilates.
Also, it has a role in physiological processes in the plant such as respiration,
transpiration, translocation of sugars and carbohydrates and enzyme
transformation (Kelling er al.,1998). Mengel & Kirkby (1979} suggested for that
purpose potassium meta phosphate and potassium phosphate as a complete
soluble fertilizer to correct the deficiency of both P and K in soils suffered
phosphate fixation or low availability, such as in calcareous soils, which was
investigated later to foliate peanut (Sparks, 1986), citrus (Hassaballa et @/, 1991)
and maize (Hamdia et al, 2000). They reported that potassium phosphate
corrected directly P and K deficiencies and indirectly by the mutrition balance in
plants and helps plants to tolerate more salt stress.

One of increasing clover productivity factors is inoculation with N,-fixing bacteria
not only for clover productivity but also to enrich soil with more available N (Gray &
Williams, 1979 and Mengel & Kirkby, 1979). Inoculation of legume with rhizobia
and Azospirillum brasilense generally increased root nodules and yields in field
experiments (Tilak et al, 1981). The ability of rhizosphere bacteria-to solubilize
phosphorus may be important in Egypt, where soil available phosphorus is low.
Several workers reported the efficiency of phosphoric fertilizers through solubilizing
the fixed forms by acids produced from bacteria (Badr E1-Din, 1986). Bacillus species
have mechanisms other than N,- fixation such as increasing phosphate availability
(Rai et al, 1981), antibiotics which may suppress pathogenic organism in the
rhizosphere (Brown, 1974) or plant growth substances (Burns et al., 1981). Holl ez al.
(1988) found that the effect of inoculation of white clover with Bacillus polymyxa
was highly positive on root and shoot dry weights . When leguminous plants were
inoculated with mixed cultures of Azospirillum and rhizobia in equal cell ratio,
nodules number and seed vields increased (Rai, 1983), as well as a substantial
increase in N,-fixation and shoot dry matter (Iruthayathas et al,, 1983 and Plazinski &
Rolfe, 1985). El-Sayed (1999) found that combined inoculation of lentil with
Rhizobium leguminosarum and Pseudomonas striata ot Bacillus polymyxa increased
nodulation and nitrogenase activity, dry matter of plants and their uptake of N and P.
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Thus, the purpose of this study was to evaluate the role of Egyptian clover
inoculation with some N,-fixing bacteria and foliation it with different rates of
K,HPQ, on yields, N, P and K taken up by plants, in addition to some enzyme
activities like nitrogenase in the root nodules and dehydrogenase in the soil
thizosphere.

Material and Methods

Two field experiments were carried out at Noubaria Agric. Res. Station Farm
where the soil is normaly calcareous one having sandy clay loam as Table 1
shows according to the analytical methods described by Black et al. (1965) in the
two winter agricultural seasons 2002 /2003 and 2003 / 2004,

Clover (Trifolium alexandrinum) was chosen for this study. In the first trial,
seeds were inoculated with Rhizobium leguminosarum biovar trifolii which was
carried on peat {1g contains 10° cells of bacteria) on the sowing day 15" of
October 2002 or not inoculated as main treatments. Treated plots were leaf
sprayed with some associative N,-fixing bacteria, f.e., Azospirillum brasilense,
Azotobacter chroococcum and Bacillus polymyxa which carried on vinasse as a
liquid carrier {(Iml contains 109 cells of bacteria) three times on the 15" of
November, 2003, 8% of January and 12" of March 2003. Three submain
treatments were 0, 2 and 4 kg k / fed corresponding to 0, 0.8 and 1.6 kg P/ fed
respectively as K,HPO, (mono hydrogen di potassium phosphate) sprayed three
times on 15" of November, 2003, 8 of January and 12" of March 2003. Three
cuts were taken on the 5 January, 9 March and 24" April 2003.

In the second season and in another neigbouring site, clover seeds, which
were inoculated with Rhizobium leguminosarum biovar trifolii or not, planted on
the 19" October 2003 and treated with the same associative N,- fixing bacteria,
i.e. Azospirillum brasilense, Azotobacter chroococcum and Bacillus polymyxa,
which were carried on vinasse as a liquid carrier (Iml contains 10° cells of
bacteria) for foliar application. The triple times of spray treatments were more
near one another than in the previous season on 16 of November, the 22" of
December 2003 and the 4™ of February 2004. The same sub treatments of
H,KPO, foliar application on the16” of November, the 22 of December 2003
and the 4” of February 2004, Two cuts were taken on thel12* of January and 2.
of March 2004. Samples of each cut of that season were dried, wet digested
according to Sommers & Nelson (1972) and their contents of nitrogen, while
phosphorus and potassium were determined according to Chapman & Pratt
(1961).
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TABLE 1. Physical and chemical analyses of the surface and subsurface soil layers
for the two experiments .

#
Seasan 2002 Season 2003
Soil properties 0-20 2040 0-20 2040
<m cm cm <m
Coarse sand 1531 13.95 9.71 8.49
Fine sand % without 3746 37.52 2322 24.14
Silt CaCO, removal 20.13 23.80 4476 4545
Clay 27.10 24.73 22.2] 21.92
Textural class Sandy clay [oam
CaCO, 2311 2521 24.15 23.72
Water saturation % 48.00 48.50 33.25 33.33
Total soluble salts % 0.08 0.08 0.13 0.13
PH (in 1-2.5 water suspension) 8.00 B.08 8.20 8.11
Cation exchange capacity (meg/100 g soil) 1433 13.26 11.75 1175
Organic matter % 0.62 0.57 1.08 0.99
Total N % 0.042 0.037 0.018 0.018
C /N ratio 8.56 8.93 34.80 31.90
Available P (mg / kg soil) 8.32 7.70- 4.15 3.84
Available K (mg / kg soil) 500.0 447.0 311.0 282.0

Rhizosphere samples, after each cut, were collected to determined
dehydrogenase enzyme activity by the method described by Thalmann (1967).
The activity of nitrogenase enzyme in clover root nodules was assayed by the
acetylene reduction assay (Hardy et al, 1973). Data were statistically analyzed
according to Snedecore & Cochran (1971).

Results and Discussion

a . Fresh yield

Table 2 represents fresh yield values of the 1™ and 2" seasons, tespectively, in
tons / fed. Data indicted that clover inocufation with N, — fixing bacteria had
significantly increased the fresh yields of the 1* and 2™ cut in each season over
the uninoculated plants. For the 3™ cut in the first season, clover had not
significantly increased by inoculation. The total increases of cuts in fresh yields,
as a result of inoculation with rhizobia were about 18.52%. This result is in line
with that obtained by Hemandez & Hill (1983) and Emskin er al. (1993).
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TABLE 2. Effect of K;HPO, application and inoculation with N,-fixing bacteria on
fresh yield weight of clover (Ton/fed).

K,HPQ, foliation Increase LSD
Cut 1 Inoculation Mean |\ ™%, 2t 0.05 level
0o | I | u
in the first season
Without 2.90 4.90 5.20 433 —
: Inoc: 0.69
First With 5.00 5.50 6.30 5.60 25.28 PK. 0.85
Mean 395 5.20 5.75 . —__ }InocPK: ns.
Increase % --- 18.18 | 25.00
Without 2.50 3.00 3.90 3.13 —-
: Inoc: (.88
Second With 2.90 4.60 4.76 4.09 30.67 PK: 123
Mean 2.70 3.80 4.33 . __ |Inoc.PK: ns.
Increase % - 40.74 | 60.37
Without 3.90 4.60 5.15 455 | —-
- ) Inoc: n.s.
Third With 3.95 5.00 5.20 4.72 3.74 PK: 6.0
Mean 3.93 4.80 5.18 . ___ {Inoc.PK: ns.
Increase % .- 2214 | 31.81
Without 930 | 1250 {1425 | 12.02 ---
; Inoc: 1.23
Total With 11.85] 1510 | 1626 | 14.40 | 18.52 K- 080
Mean 10.58{ 13.80 | 15.26 . ___ |Inoc.PK: ns.
Increase % - 2511 | 36.08
in the second season
Without | 5.69 9.07 850 | 7157 --
. 6.76 894 |10.88| B.86 14.32 |Inoc: 1.29
First With PK: ['64
Mean 6.23 9.01 9.69 _ Inoc.PK: ns
Increase | __ | 4a62 |s554| 1
Without | 3.63 4.16 5.88 4.46 ——
With | 449 | 489 | 708 | 549 | 2039 |lnoc: 096
Second PK: 0.96
Mean 4.06 4.53 6.48 Inoc.PK: n.s.
Increase - -
o - 11.58 {5961
Without | 9.32 _ 13.23 | 14.38 | 12.31 —
With 11.25 } 13.83 (1796 14.35 16.57 |Inoc: 1.88
Total PK: 220
Mean 10.29 | 1353 |16.17 Inoc.PK: ns.
Increase - -
% --- 31,49 |57.14

# I: K;HPO, dose contams 2 kg of K and 0.8 kg of P/fed.
1I: K;HPQ, dose contains 4 kg of K and 1.6 kg of P/fed.
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Also, the increases of cuts, as a result of inoculation with rhizobia and some
N2;fixing bacteria were observed. These results are in harmony with those
obtained by Dashit et al, (1997) and El-Sayed (1999) who stated that the
inoculated bacteria like Azospirillum, Azotobacter and Bacillus may produce
growth promoting substances such as auxins, gibberellins and cytokinins. Such
substances may improve plant growth and stimulate the microbial development.

Foliar application of K,HPQ, increased fresh yield proportionally with
doubling the rate of application in both seasons. That increases, which reached to
about 60 % over the control in the 2™ cut in both seasons, were significant in the
2", 3 cuts of the first season and 17 and 2" cut of the second season causing
significant increases in the total fresh yields.

There was no interaction effect of these two factors on the fresh yield in all
cases except the 1st cut in the second season,

b. Dry yield

Data in Table 3 show the dry yield of the first season in kg/ fed and 2™ season
in ton / fed, respectively. Results indicated that inoculation with N,-fixing
bacteria caused significant increases of the vields in all the 3 cuts of the 1¥season
and the 17 one only in the 2™ season, These increases ranged between 10 and 37 %
over uninoculated treatments. Referring to the yield weight in both seasons,
which was more than 4 or 5 folds in the 2™ season than that in the 1% one, it could
be concluded that inoculation with N,-fixing bacteria were more effective in soil
with low productivity. However inoculation with N,-fixing bacteria increased the
total dry matter significantly in the both seasons (Gray & Williams, 1979 and El-
Sayed, 1999).

Spraying with X,;HPQ, resulted in significant increases in dry yield for, all the
2" season cuts when the doubled rate was applied, while the low rate had
insignificant effect on the 2™ cut of the 2™ season dry yield. Soil pplication of
K,HPO, increased dry yield of each 2™ season cut down to significance on 0.05
level but total yield was higher than that level. The combination of Nj-fixing
bacteria and K,;HPO, application did not gave significant interaction effect on dry
yield in all cases.

¢. Nitrogen uptake

Table 4 shows nitrogen uptake in kg / fed clover plant of the both of first and
second seasons. Inoculation with N,-fixing bacteria and X,HPO, foliar application
individually increased significantly N uptake over the control in all cuts and their
summation in each season. El-Sayed (1999) confirmed that data and declared the
increases in N uptake may due to inoculation with the special strains of N,-fixing
bacteria. Regarding K;HPOQ, foliation effect on increasing N uptake by plant,
Sparks (1986} and Hassaballa et gl (1991) attributed that effect to correction of
the nutritional balance in plant.
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TABLE 3. Effect of K;HPO, application and inoculation with N,-fixing bacteria on
dry yield of clover. .

Cut Ilnoculatio K,HPO, foliation # Mean Jlncrease L.S.D

o | 1 | u % at 0.05 level
Dry yield in the first season (Kg/fed.)

Without 400.7 4703 4947 4552 -
With 395.1 4998 608.7 5012 10.11 Inoc: 189

First | Mean 3979 485.1 551.7 I:P:PK 28.1
OC. . N.8.

Increase -
o, - 21.92 38.65

Without 439.9 552.9 671.8 554.9 -
With 640.3 745.4 804.1 729.9 3154 | Inoc: 59.0

Second Mean 540.1 649.1 738.0 KP: 102.5
Inoc. PK: n.s.

Increase - -
o, --- 20.18 36.64

Without 3114 3617 352.6 341.9 - )
With 349.9 549.3 513.3 4708 3770 |'hec: 927

Third Mean 330.7 455.5 433.0 EP: A 153'2

—_— — 0C. . NS

owase || 3174 | 309
(]

Without | 11720 1390.8 1519.1 1360.6 -
With 1380.2 1774.6 1926.1 1693.6 2447 |[oc: 1255

Total Mean 1276.1 1582.7 | 17226 KP: 1209
.- - Inoc. PK: ns.
I“°;,°a‘°‘° 24.03 3459 |
0

Dry yield in the second season (Ton/fed.)
Without 1.252 2.086 1.530 1.623 —an
With 1555 | 2.056 2510 | 2040 | 2569 | Inoc: 0399

First Mean 1404 | 2071 2.020 an; . I2.537

— —— 0C. SIS,

l“".‘,'fas"’ 4751 | 4387
o

Without 0.937 1.331 1.381 1.383 e

With | 1.55% 1415 2271 1.747 26.32 Inoc: 0.381

Second [ “Mean 1.246 1373 2.076 — PK:  0.386
InocPK: ns..

Increase - ---
% - 11.47 59.66

Without 2414 3.418 3.412 3.001 -
With 2992 3369 4.677 4.121 3699 Inoc: 0.461

Total Mean 2703 3,394 4.045 FP: l%{631
— —_— noc T ns.
I"“i,f“ 25.56 49.63

# 1: K;HPO, dose contains 2 kg of K and 0.8 kg of P/fed.
Ii: K;HPO, dose contains 4 kg of K and 1.6 kg of P/fed.
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TABLE 4. Effect of K;HPO, application and inoculatior with N,-fixing bacteria on
N uptake by plants (kg/fed) .

Cut . } Inoculation K:HPO, foliation # Mean Inc:'ea,se LS.
0 ] 1 L“ Yo at 0.05 level
in the first season
Without | 8.05 12.56 9.94 10.18 =
With 10.55 | 1335 | 2240 | 1543 5152 | Tnoc.: 0.40
First Mean 9.30 12.95 16.17 PK @ 067
Tncrease Inoc. PK: 0.70
o = 1924 | 73.87
Without | 1117 | 14.63 | 22.43 16.08 =
With 2122 | 2506 | 2147 | 2259 40.47 | Imoc.: 2.06
Second Mean 1619 | 1985 | 2195 PK . 315
— Inoc. PK: 3.57
" = 1375 | 2583
Without | 729 717 12.98 9.18 -
With 8.88 14.66 1889 | 14.15 5415 | Inoc.: 2.85
Third Mean 8.08 1097 | 1593 PK : 281
Increase Incc. PK: ns.
o = 35.69 97.13
Without | 26.50 | 3445 | 4556 | 3544 =
With 4215 1 5307 | 6276 | 5266 48.60 | Incc.:4.09
Total Mean | 3433 | 4376 | 54.16 PK :3.03
Tcrease Inoc. PK: n.s.
o = 7748 | 5778

in the second season

Without 8.76 24.53 12.90 15.40 -

With 18.68 23.63 27.43 23.25 50.97 Inoc: 5.55
First Mean 13.72 | 2408 | 2017 fnlic - 61;733
' mcﬁfas“ 7551 ¢ 4701 R T
"o
Without | 9.30 11.66 15.24 12.07
With 1329 | 1527 2164 16.73 3861 | Inoc:  3.22
Second Mean 1130 | 1347 18.44 PK: 518

Inoc. PK: n.s..

Increase
o —-- 19.20 63.19

Without | 18.06 | 3619 | 28.14 | 27.46
With | 3197 | 3890 | 4907 | 39.98 4559 | Inoc:  7.58
Total Mean 2502 | 3755 38.61 PK: 6.16

Increase — Inoc.P K: n.s.
o, - 50.08 54,32

# I K;HPO, dose contains 2 kg of K and 0.8 kg of P/fed.
It : K;HPO, dose contains 4 kg of K and 1.6 kg of P/fed.
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The interaction effect of the two studied factors on nitrogen uptake by plants
of the early two cuts in the first seasen was significant, Where in the first cut, N
uptake was increased by K,HPO, spraying rate II and bacteria inoculation more
than twice of that without inoculation. Also, in the 2 cut of that first season,
inoculation with N fixing bacteria raised N uptake by plants without PK spraying
1o be statistically as the same as those sprayed with the doubled K;HPG, rate . In
the 3™ cut, total 3 cuts of the 17 season and 2™ cut of the 2" season, there was no
significance withen the interaction effects.

d. Phosphorus uptake

Table 5 represents the quantities of P taken up by plants in kp/fed. Inoculation
with N,-faxing bacteria was significantly converted where inoculation depressed
P uptake in the 1 cut of the 1* season only and consequently reflected on total P,
while the increases in the 2" and 3" ones were significant as the same as the 2™
season cuts by inoculation. These increases may due to the effect of inoculation
with N,-fixing bacteria on plant growth and dry matter production, which,
reflected on more P uptake (El-sayed, 1999). Also, Bacillus species have
mechanisms other than N,-fixation such as increasing phosphate availability (Rai
et al, 1981).

Concemning potassium phosphate application, same trend of inoculation was
observed here also for foliar application only apart from the K P rate foliation,
However, the highest increase percent for P uptake in the 2™ cut, which reached
about 58 and 57 % in K;HPO, I and II foliar application over the control,
respectively. The increases in P uptake by using K;HPO, are in agreement with
Hassablla ez al. (1991) and Hamdia et al. (2000).

The interaction effect of these two factors was found to be insignificant in the
3" cut of the 1" season and both cuts of the second season. It means that each
factor played its role individually. The interaction effect was significantly more
pronounced in the early two cuts and total uptake of P in the 1% season where in
the 1* cut the inoculation confirmed significantly the effect of the higher K,HPQ,
spraying rate and in the 2" cut the difference between PK rates was significantly
negligible without N fixing bacteria inoculation.

¢) Potassium uptake

Table 6 shows K uptake by clover plants in kg / fed. Data cleared that there
was a positive significant effect by inoculation with N,-fixing bacteria in all cuts
of the 1 season . In the 2 season, that effect was insignificant but it caused
18.07,29.60 and 22.78 % increase in K taken up compared with that taken up by
noninoculated plots for 1%, 2™ cuts and total K uptake, respectively. The
explanation previously mentioned in case of P uptake as positively affected by
plant inoculation with N»- fixing bacteria, which can be true also in case of K
uptake.
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TABLE 5. Effect of K;HPO, application and inoculation with N,-fixing bacteria on P

uptake by plants (kg/fed).

s
Cut Inoculation K:HPO, foliation # Mean Increase L.5.D
0 ]_ I T I % at 0.05 level
in the first season
Without 6.49 5,00 8.36 7.95 = llnoc 048
First With 2.21 3.15 4.63 3.33 -58.41 |PK: 039
Mean 435 6.07 6.49 Inoc.PK: 0.84
Increase % = 39.57 4922
Without 3.74 4.60 4.64 433 = Inoc: 0.56
Second With 3.24 5.70 8.12 5.69 3151 |PK: (_)-75
Mean 3.49 5.15 6.38 Inoc.KP: 0.97
Increase % = 47.61 82.80
Without 1.18 1.70 2.08 1.66 = Inoc:  2.69
Third With 1.78 2.69 2.93 247 | 49.06 Pﬂfip . 1—;’9
Mean 1.48 2.20 2.50 o
Increase % = 41.97 68.73
Without 11.41 15.05 15.08 13.85 = Inoc: 074
Total With 7.24 1154 | 1567 | 1149 | 1705 POIEJPK_ 0:2
Mean 9.33 13,30 15.38 R
Increase % = 42.60 64.88
in the second season
Without 6.64 12.36 8.15 9.05
i With 7.74 14.03 17.56 13.11 44.86
First
Mean 719 | 1320 | 1286 Inoc:  2.60
KP. 257
Increase % 83.59 78.86 InocP K 4.50
Without 224 4,00 3.15 3.13 -
Second With 4.03 5.16 6.15 5.11 63.26 |Inoc: 168
Mean 3.14 4.58 4.68 | P 127
Increase % — oc KP: ns.
Without 9.48 16.62 11.30 12.18 -
Total With 11.77 19.19 23.76 18.22 4959 1 Inoc:  3.79
Mean 10.62 17.90 17.53 Kp: 325
Increase % - Inoc. KP: ns..

# I: KsHPO, dose contains 2 kg of K and 0.8 kg of P/fed.
I1: K;HPQ. dose contains 4 kg of K and 1.6 kg of P/fed.

Spray application of K,HPO, resulted in significant effect on increasing K uptake
over the control in all cases . In some cases the higher spray rate of K,HPO, was
significantly effective more than the lower one in the early two cuts and total K
uptake of the 1% season and the 2™ cut of the second season .
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Benefits of K,HPO, in increasing K uptake was noticed by Sparks {1986) on
peanut, Hassaballa et al. (1991) on citrus trees and fruits, and Hamdia er al (2000) on
maize.

TABLE 6. Effect of K;HPO, application and inoculation with N,-fixing bacteria on
K uptake by plants (kg/Ted ).

K;HPO, foliation # Increase L.S.D
Cut . Mean
Inoculation 0 i I ‘ 10 %o at 0.05 tevel
" in the first season
Without 2.00 2.56 2.70 2.42 = Tnoe: 0.10
First With 1.90 2.69 3.51 2.70 11.57 PK: 0.15
rs
Mean 1.95 2.63 3.10 Inoc.PK: 0.17
Increase % = 34.82 59.18
Without | 177 2.29 3.03 2.36 = noc: 024
Second ith 2.50 2.99 3.38 2.96 25.25 PK: 0.39
Mean 2.14 2.64 3.20 Inoc.PK: ns.
Increase % = 23.47 50.01
Without 2.79 3.48 3.51 3.26 = [noc: 0.88
. With 3.06 5.15 512 4.44 36.19 PK: 0.53
Third
Mean 2.93 4.31 4.31 Inoc.PK: n.s.
Increase % = 47.40 47.47
Without 656 | 833 9.24 8.04 = Inoc: 0.94
Total With 7.46 11.32 12.01 10.26 24.85 PK.: 0.53
Mean 7.01 9.82 10.62 Inoc.PK:  ns.
Increase % = 35.52 51.54
in the second season
Withdut 10.24 18.08 13.03 13.78 —
- Inoc: n.s.
First With 144 | 1735 | 2002 | 16.27 1807 | pg. 403
Mean | 1084 | 17.72 | 1653 ] Inoc PK: nus
Increase % - 63.47 52.49
Without 7.95 9.28 11.45 9.56 .-
With o087 | 1127 | leoz | 1239 | 2960 | no¢  ns
Second ! - - - - . PK: 3.47
Mean 8391 10.28 13,73 .
— - Inoc PK: ns
Increase % - 15.38 54.10
Without 18.19 27.36 24.48 23.34 -—
with | 2131 | 2862 | 3604 | 2866 | 2278 | o0 S
Total - - - - - PK: 4.74
Mean 19.75 27.99 30.26 i
— - Ihoc PK: n.s
Increase % - 41.72 5322

# 1 K,HPO, dose contains 2 kg of K and 0.8 kg of P/fed.
II: K,HPO, dose contains 4 kg of K and 1.6 kg of P/fed.
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Each factor of inoculation and K,HPO, application was individually affecting
K tfintake without interaction effect of them. However, the 1% cut of the 1* season,
the interaction effect was significantly succeeded in raising amount of K in plants
when sprayed with the lower rate of K,HPQO, without N,-fixing bacteria
inoculation. These results were statistically as the same as those inoculated ones.

. Enzyme activities

Each of nitrogenase enzyme in clover root nodules in p mole C,H, /g dry
nodules / h and dehydrogenase enzyme in rhizosphere zone of roots in ug TPF/g
dry soil /day are presented on Table 7 . With respect to nitrogenase, it could be
found that inoculation increased significantly its activity in both cuts. In the 17
cut that activity was about 94 % over the control, while it was about 35% only
over the control in the 2* cut. Similar results were obtained by Rai (1983) on
chick pea.

Soil or foliar application of K,HPQ, did not increase N;-ase activity over the
control as the same trend as interaction effect of both studied factors.

Regarding dehydrogenase enzyme, its activity in soil was significantly
increased by plant inoculation with N,-fixing bacteria in the both cuts. These
results were in harmony with those reported by Mpepereki et al. (1997) who
considered that the increase in dehydrogenase activity as a good indicator of
biological activity in soil, also Chander er al. (1998) who concluded that activity
of dehydrogenase related closely with the size of microbial biomass and
microbiological redox system. '

Dipotassium phosphate application had insignificant effect on that enzyme
activity except for K,HPQ, foliation with the low rate, which was significantly
higher than the control in the 1* cut only. Nevertheless, higher rate of K,;HPO,
foliar application reduced that activity with significant differences down of all the
treatments in that cut. The reduction of the enzyme activity by that treatment in
the 2™ cut was insignificant. There was insignificant interaction effect on
dehydrogenase activity in any cut.
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TABLE 7. Effect of K,HPO, applicaticn and inoculation with N,-fixing bacteria on some
enzymes activities in nodules and root zene soil of clover in 2™ season.

Enzyme . K;HPO, foliation # Increas L.S.D
Activity Cut  |Inaculation . Mean e% at 0.05 level
Without 1 I1
Without | 30423 | 34427 | 42091 | 372.6
§ . With 621.28 | 773.86 | 757.25 | 72237 | 93.86 | . 18.97
3 Bl Mean | 46272 | 559.07 | s80.08 PK: n.s.
Q& - - Inoc PK: n.s
] Increase .
2 Z o 20.82 | 27.31
bl
2 Without | 41121 | 543.42 | 590.42 | 515.23
< Q: With 662.45 | 695.63 | 743.28 | 697.43 | 3536 |Inoc:  110.77
= Second PK. ns.
E Mean 536.83 | 619.53 | 666.85 Inoc PK: e
= Increass - i
o —_ 1541 | 2422
Without | 41.79 | 48.97 | 29.26 | 41.51
= With | 4974 | 5558 | 3468 | 4808 | 1583 {I‘lgc i'zg
] First : :
o= Mean | 4577 | 5228 | 3197
23 —
£ 3 Increase )
E‘é"g o, — 14.23 -30.15 Inoc PK: ns
3 % Without { 5040 | 58.10 | 43.50 | 50.38
A ‘§ With 7021 | 67.60 | 52.60 | 6343 | 2468 | Inoc 6.27
Second PK: 7.53
2 Mean 60.31 | 62.85 | 43.05 _ |mockr: ms
I“";”" 422 | 2033

# 1. K;HPO, dose contains 2 kg of K and 0.8 kg of P/fed.
II: X;HPQ, dose conwins 4 kg of K and 1.6 kg of P/fed.
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