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ABSTRACT

Alfalfa (Medicago sativa, L.) is a perennial forage crop well adapted to grow
in the newly reclfaimed sandy soil. This investigation was camed out in the newly
reclaimed area at West Bani Siuef Governorate (Middle Egypt) over a two-year period
(196872000 and 2000/2001) to evaluale wo alfalfs vadaties (Local and introduced
one) for forage yield and quality under three lavels of phosphorus (15, 45, and 75 Kg
P.0s/fed) and three levels of polassium (24, 48 and 72 Kg K;O/fed) ferfilization. The
expenment set up was in a split-split plot design with four replications.

The results showed that application of phosphorus up to 75 Kg P,Os/fed,
resulted in significant increase in fresh and dry yields as well as the guality trails
compared with the medium and lowest doses (45 and 15 Kg P,Og/fed. respectively).
Also data revealed thal pelassium fertilizer had a significant effect on fresh and dry
yields in addifion to chemical canstituants of herbage. Application of high patassium
level (72 K;0 Kgffed) was the most favorable treatment in producing forage Yield with
high quafity.

Differences observed between the two variaties in yield and quality
characlers were significanl. Local alfalfa variety (Ismailia-1) attalned superiority in
fresh and dry forage yields as well as protein, fiber, ash and oil yields over introduced
variety (Siriver). The potential of alfalfa forage production and ils quality was higher
and more responaive by cultivating local vansty (Ismailia-1) with the application of 75
Xg PzOsand 72 Kg K,0 /fed.
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INTRODUCTION

Alfalfa (Medicago safive, L.) is an important perennial leguminous fodder
crop, generally regarded as one of our most valuable forage crops in the
newly reclaimed sandy soil. Either spring or fall is an acceptable time for
seeding alfalfa in Egypt. Few; if any; other forage crop is equal to it in its
capacity to produce heavy yields of highly nutrition’s palatable feed to the
animals, and well tolerate considerable drought and persist for several years.
Also, itincreases and improves soil fertility as welt as to reduce soil erosion. .

In a newly reclaimed area at West Bani Siuef, it is of importance to
justify the suitable alfalfa cultivar lo be grown in this environment and the
proper guantities of phosphorus (P) and potassium (K) fert(ILzers which are
the main elements for this crop.

Phosphorus and potassium fertilizers are very important nutrients for
alfalfa herbage production. Therefore, the knowledge of proper phosphorus
and potassium fertilizers rates or choosing adapted vaneties'is a paramount
importance for alfalfa productivity in a newly reclaimed soil. On soil with
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medium phosphorus and high potassium contents, Tiwana ang Puri (1985)
found that application of 80 Kg P,0Os and 40 Kg K;O/ha increased the fresh
and dry forage yields by 22 and 4% compared with control treatment, but
further increase in P and K rates were not effective. In Sharkia Governorale
under newly reclaimed soil conditions, Gaweifel (1990) found that frest and
dry yields of alfalfa increased by increasing application of phosphorus and
potassium fentilizers.

In a sludy of aifalfa productivity in Medilerranean environment
characterized by hot dry climate and soil with low fertility. Maiorana ef al.
(2000) reported that the highest fresh fodder yield was oblained with the
application of 100 Kg P,O¢ha. Also, Rice et al. (2000) found that there was
little response of alfalfa to phosphorus fedilizer at five sites in Canada. in
recent research, Lioveras, et al. (2001) concluded that the average annuai
dry matter yleld showed a small linear response lo K fertilization.

Soil fertility is the most fimiting factor In forage quality. Adequate
fertilizer of phosphorus and potassium has controlied forage quality of alfalfa
(Tiwana and Puri 1985). The chemical composition vary greatly depending on
different phosphorus levels, Zeidan ef al. (1988) indicated that crude protein
(CP) and ash were increased with phosphorus fertilization, white crude fiber
(CF) was decreased. Significant progress has been made in crude protein
(CP) contenl by PK application of alfalfa pasture (Geweifel 1990, and
Waltworth and Sumner 1990). In contrast, Schmitt et a/. (1993) reported that
herbage N concentration did vary due to the imposed PK treatments when
the soil test showed medium concentration of the two elements.

The effect of P fertilizer levels on quality traits of alfalfa herbage has
received allention of some workers. Solanki and Patel (1998) reported that
ash, crude prolein, and fiber contents linearty increased with increases in
phosphorus from 60 to 120 Kg P,Os/ha. Maiorana et al. (2000) reported that
alfalfa gave satisfactory content of crude protein when applied 100 Kg
P,OgMha.

Efforts to enhancing alfalfa production and Increasing its cullivated
area must foccus on developing varieties adapled fo wide range of
environmental conditions. In new valley Egypt, Ghobrial (1978) found that
the local alfalfa variety gave the highest green forage yield than that of the
introduced varieties. Also, under sandy soil or newly racleimed sandy land
conditions, the diflesences among alfalfa cultivars have been mentioned by
some investigators (Mousa 1982; Younis ot 8/, 1886, Rammah and Hamza
1688; Abd El-Halim et al., 1992 and Mousa et 8., 1996). In Mississippi, USA
under fine sandy loam soil conditions, Hovermale (1998) evaluated twenty
alfalfa (Madicago sativa, L.) cultivars, and found dry matter yield over 5 years
ranged from 6134 to 7122 b / acre / annually.

Younis 6! al. (1986), Rammah and Hamza (1988), Mousa et al.
(1986) and Hovermale (1998) determined that there were significant
differences observed in protein, ash and fibers between aifaifa varielies.

The objective of this study was to investigate lhe performance of two
alfalfa varieties (local and introduced) under three levels of phosphorus and
potassium fertilizers on forage yield and its quality under new reclaimed
sandy soil at the Middle Egypt.
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MATERIALS AND METHODS

A field experiment was established on new reclaimed sandy soil at
West Bani-Swiel Governorate (Middle Egypt) from spring growing season
1999 to spring 2001, to study the behavior of two alfalfa varieties i.e. local cv.
Ismaiiia-1 and Siriver (introduced) under different lavels of phesphorus and
potassium fertilizers on forage productivity and quality. The physical and
chemical traits of the soil in the experimental site before sowing are fisted in
Table 1.

Table 1: The physical and chemical analyses of the soll before sowing

Analysis components yoar 1999
Mechanical analysis

Sand % 72.34
Silt % 17.53
Clay % 10.13
Texture class loamy sand
Chemical analysis ‘
pH a.10
available N (ppm) 18.73
P (ppm) 10.00
K (ppm) 80.00

The experiment was laid out in a split-split-plot design with four
replications. The main plots were randomly assigned to three phosphorus
levels 15, 45, and 75 Kg P,;Oy/fed, the sub-plots devoted to three potassium
tevels 24, 48 and 72 Kg K;0/fed and the sub-sub-plots were occupied the two
alfaifa varieties namely local variety (Ismailia-1) and introduced variety c.v
(Siriver). Each sub-sub plot was 3m X 4m (12m?). Inoculated alfalfa seeds
were broadcasted at the rate of 25 Kg/fed on March 25" 1999, and surface
irrigation was applied to establish the stand.

The P and K treatments were added in ane dose i.e. annually in
broadcasting before sowing in the first season, and the same dose repeated
before the first cut of the second season. Thirty Kg N/fed was applied as top
dressing in two equal doses, the first one after garmination and the second
dose after 20 days from the first dosa. The normal cultural practices for alfalfa
cultivation in the new reclaimed land were applied. Thirteen cuts were
harvested by hand secite, when plants were at 25% budding in the two
successive years. 8 cuts In the first season and 7 cuts in the second season
were taken due to the scarcity of irrigation water, The first cut began on May
26" 1999, and (ast cut an March 22 2001.

Fresh forage yield of each plot at each cut was weighted to record
the yield of green forage. A representative sample from each plot was
coltecled and dried to constant weigh! in a forced air oven al 105°C to
estimate the percentage of dry matter and the total dry forage yield. Dried
samples at 70°C were further used for determination of crude protein (CP),
crude fiber (CF), oil, and ash conients for each cut of the two years according
to AOAC (1980) and the percentage of each constituent was transferred into
Ka/ted.
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Analysis of variance and combined analysis were performed on all
data according to Snedecor and Cochran (1980) using MSTAT compuler
program V.4 (Russell, 1986).

RESULTS AND DISCUSSION

1- Effect of phosphorus, potassium fertilizers and varieties performance
on fresh and dry forage yields
a- Phosphorus levels;

The data presented in Tables 2 and 3 revealed that the application of
phosphorus fertilizer had a significant effect on fresh and dry forage yields of
the individual cuts, establishment year (1999/2000), second year of the stand
(2000/2001) and their combined except the 5™ cut in the second year for dry
forage yield. Shifts were also seen in yield performance at individual cuts in
both years. The reduction in the yield of summer season at the year of
establishment is attributed to the deficiency ot Imigation water which pushed
the aifalfa plants to flowering earlier than normal age, thus, the yield per cut
was less than normal.

Increasing annual phosphorus application rates from 15 up to 75 Kg
P,O«/fed led to significant increase in fresh and dry forage yields in both
years and their combined (Table 2). On an average basis over the two-years
period, annual application of 45 and 75 kg P,O+/fed led to increasing fresh
and dry forage vyields by (10.49 and 23.08%), (8.88. and 21.62%).
respectively, compared with 16 Kg P;Osffed. In generai, these resuits
indicated that the highest response of fresh and dry forage yield was
achieved by applying 75 Kg P;Os/fed. On the other hand, the lowest fresh
and dry forage yields were produced by the application of 15 Kg P,Ogfed
under the trial site conditions. This may be due to the fact that sandy soil is
naturally poor in available phosphorus (less than 15 ppm). These results are
in a good agreement with those obtained by Zeidan e! a/. (1588), Gewsifel
(1990), Berg ot al. (1999) and Maiorana ef al. {2000).

b- Potassium levels:

The statistical analysis for fresh and dry forage yields of the 6 and 7
cuts in the first and second years as well as over the two years showed
significant differences among potassium levels as shown in Tables 2 and 3.
Significant differences were observed within the individual cuts in fresh and
dry forage yieids. except the 1%, 2™, 3" and 5™ cuts in first year for fresh and
dry yields, as well as the 5™ cut only for frash yield and 1 and 5" cuts for dry
yield in the second year, respectively. Also, data showed that increasing
annual polassium rates from 48 to 72 Kg K,O/fed, increased total fresh and
dry forage yields significantly in both years and their combined aver the two
years. When averaged over the two-years period, annua) application of 48
and 72 Kg K,Offed increased fresh and dry forage yields by (2.69 and 7.64%)
and (2.24 and 8.49%) for the two rates, respeclively, compared to 24 Kg
K;0rfed.
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Tuble 3: Dry (arage yield (ton/fed) of the two alfalfa varicties grawn under three rates of phosphorus and potassium in 199972000,
2000/2001 and combioed over two years,

Trecatments 1999 / 2000 2000 /2001
Cur’ Cw_’l G’ ]_(.‘m‘ | Cut! (_Cur‘ e Cm’l Cir ! I_Cm' | Cw'l Cu!‘_‘ Cui' | G’
Mhosphorus (P) 15K g/Ted 046 086 104 109 132 153 088 075 101 1.51 1.2 1% a7
ASKg/ed 051 088 LW L) 145 18l 23y 037 11y 157 136 %% 146
T5Kg/led 0.58 1.01 1.30 .70 1.89 0.8 1.49 1.61 195 213 1.51

LSD ¢ 0.05 ) 005 O X 002 0.08 3 ¢.04 BOT NS 08

Potassium (K) 24 Kg/led 0487 . . 147 165 0.73 . 150 13 139
4BKp/fed 09 . . 147 166 . 0.7 . . 158 189

T2Kp/ (e . . 1.54 178 212

LSD {0.05) NS D.09 . . ] 0.0%

Varieties (V) local X X . ; 1.38 . . 2.2

Ingr. X X J ) 1t

F-test .

PxK ; NS
Fx V¥V NS
KzV¥Y 1 MS
Fx Kx V¥ NS

P = Phospherus; K = Potassium; ¥V = Varicties; Comb. = Combined; Intr. = Introduced; NS = Not signilicant aod * = Significant

Je 38 'y W O'ueWBS
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Whereas. applied 72 Kg K,Orfed produced the highest fresh and dry forage
yields (38.04 and 8.70 ton/fed) compased to 48 Kg K;O/fed showed a slight
advantage (36.29 and 8.20 ton/fed). On the olher hand, 24 Kg K;O/fed
recorged the lowest fresh and dry yields (3534 and 8.02 ton/fed,
respeclively). In general, data indicated that the crop response to the fow and
medium rales of K fertilizer were simitar. In addifion application of high rate of
K fertitizer is required for alfaifa production on newly reclaimed soi. This may
refiects the poor K content of the experimental site which contains available K
close to the critical K level (30 ppm). Similar results were reported by
Geweifel (1890) and Walworth and Sumner (1990).

C- Variety performance:

According to the data listed in Tables 2 and 3 significant differences
were observed between the two alfalfa varieties in both fresh and dry forage
yields for the individual cuts in both years as well as combined over years.
However, the maximum fresh and dry forage yields were obtained from the
local variety {Ismailia-1) comparing with introduced variety {Siriver) in both
years and their combined. Qver all, local variety (Ismailia-1) showed a higher
advantage over the introduced variety for fresh and dry forage yields by 48.71
and 47.84%, respectively. These results indicated that the local variety
proved to be higher in its fodder production than the introduced variety when
grown in reclaimed sandy soil. This could be attdbuted to the interaction
belween the genetic material and the environment coanditions in the
experimental site and its capability to be more adapied to the Egyptian
environment since it was developed from a local germplasm. These resuits
are in line with those oblained by Mousa (1982), Rammah and Hamza
(1988). Mousa (1996) and Hovermale (1998).
2-Effect of phosphorus, potassiom fertlllzers ang varleties on forage

quality
a- Phosphorus levels:

The variation in crude protein, crude fiber, ash, and oil yield (Tables
4-7) among phasphorus fertilizer levels was significant, and increased with
increasing phosphorus levels from 15 up lo 75 Kg P,0gfed within the
mdmdual cuts in both years and combined over the two J'ears excepl at the
5™ cut in second year for protein yield, as well as the 2™ ang 4™ culs in the
first and second years for ash yield, respectively. On an average basis, over
the two years period annual application of 45 and 75 Kg P,Os/fed increased
crude protein, crude fiber, ash and oil yield by (9.55 and 25.83%), (10.53 and
2212%). (11.72 and 27.04%) and (12.84 and 28.35%), respectively,
comparing with 15 Kg P,0s. Also, results indicated that the highest forage
quality as crude protein, crude fiber, ash and oil yield Kg/fed were (1657.35,
2044.96, 1034.58 and 120.79) resulted from the application of 75 Kg P,0s
/ted. On the other hand, the lowest forage quality (1348.89, 1674.53, 814.33
and 94.11) was oblained with 15 Kg P,0O4fed. Generally, results obtained
clarified that alfaifa requires minerali ghospharus fertilizer to enable the crop
1o produce adequate quantity of good quality forage. The probable reason for
* this increase was that phosphorus plays a primary role in photasynthesis by
the way of energy fransfer increasing the photosynthetic afficiency of leaves.

1621



Sarhan,G. M. A, et al.

Also, the increase in crude protein content might resulted from increasing
content of nirogen due to availability of phosphorus, which have helped in
more protein synthesis. The crude fiber and ash contenls increased with
increasing in phosphorus due to high lignifications of plant tissues and more
uptakes of minerals as a result of better root development. These findings are
in accordance with those oblained by Geweifel (1990); SolanKi and Patel
{1998) and Maiorana et &/. (2000).

b- Potasslum levels:

Total crude protein, crude fiber, ash and oit yelds in alfalfa herbage
of the eslablishmenl year and second-year of the stand over cuts as well as
combined over the two years were significantly affected by potassium
fertilizer application (Tables 4 to 7). According to the data in the same tables,
significant differences were observed within the individual cuts by adding
potassium fertilizers in chemical composition of herbage, except at the 4
and 5" culs of tatal protein yield, the 2™ and 3 cuts of fiber yield, and 5"
cuts of oil yield in the first year. While in the 2™ season differences among K
levels were not significant for 1* cul only of total protein and fiber yield, the 1%
and 5" cuts of ash yield and the 1" and 3™ cuts of oil yield. Changes in total
crude protein, crude fiber, ash and oil yields occurred by applied potassium
fertilizers levels annually each growing season.

On an average over the two years peniod, crude protein and ash
yields increased significantly by increasing potassium levels from 48 to 72 Kg
K,O/fed; but crude fioer and oil yields increased significantly by increasing
potassium levels from 24 up to 72 Kg K,;O/fed/annvally. Also, data showed
that potassium fertilizer rates of 48 and 72 Kg K,O/fed increased crude
prolein, crude fiber, ash and oit yiekds by (3.03 and 10.28%), (7.45 and 12.39
%), (3.15 and 10.18%) and (5.77 and 12.57%), respectively compared with
24 Kg K,Olfed. Previous studies have shown that low and medium potassium
rates produced poar or moderate forage respectively but high rate produced
the highest quality as crude protein or ash yields. This implies that low
potassium rate did not enhanced N, fixation or fodder N concentration in (his
study. It is clear that alfalfa fodder quality was largely influenced by high rates
of potassium lertilization. These results are in line with that obtained by Gewesifel
(1990).

C- Variety performance:

Significant varietal differences were observed regarding crude protein,
crude fiber, ash, and oil yields in both years and gver the two years (Tables 4
to 7). Where, Iocal variety (Jsmailia-1) produced the higher values of chemical
composition in the establishment year and second-year of the stand, and
their combined. On an average basis, local variety contained crude prolein,
crude fiber, ash, and oil yields by 4827, 49.66, 4869, and 57.66%,
respectively, over the introduced variety, for the components in the same
order above. It is clear from data obtained, that tocal variety {lsmaifia-1) is
well adapted to our environmental condilions especially in the newly
reclaimed soil, and provides a high forage yield of good quality suitable to the
animal feeding. Simifar resulls were reported by Younis et al. (1986);
Rammah and Hamza (1988) and Mousa (1996).
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Table 4: Crude Profein yield (Kg / fed) of the two alfalfa varictics grows under three rates of phosphorus and petassium in 199972000,
2000/2001 and combined over two years

Treatments 1999 2080 2000 4 2001

Seasons Seasosal
Gt * I Cui® l Cor? | Cg'_| Cur’ |_C-r" Yidd Care ! I [eVh l Caur? I Cor ¢ | Cw’ | Gt I Qur’ Yieid
Faosphorus () 15K g/Ted TILE T3 1ZBAE 19603 299 34w 18646 | 16617 16288 21007 254355 328 M9 LMEE 15903

A5 Kplled I 180.99 1323 9733 MOST Mags 125105 17930 629t 26430 2TLOS MGG 180T ERL&T Y7

TsKpled 9327 Ireag  1ad3S 2N2Y W34 W2 1438.07 2035 429 M3 LY 33941 00

.92

15D {005 ) L7 FLI% .71 .77 10.22 1016 3351 10.73 L ¥1] 1258 1 M. & 3 BT

Parastiom (K) 4K p/led 144 IT6  1H¥W 272 e 33124 126215 14301 196,61 25534 24747 LS ZeM AT |3A04

HKg/led .2 IRESS  DIX17 IN2T IMlE RS 129139 18197 20042 15554 25508 139

17008 18651
TiKged 957 HIZ13 3% MiTel leddl YA 136709 19300 21227 ITLAG THAM ST WM 0SS

LSD [ 0.05 ) 10.97 13.0 7.10 NS N3 1758 34z [1+] 1.5 1352 1001 1311 1260 le.60

Varidis (V) local B es D170l 1524 M0 3T 42608 45030 | 1S9AT | 23538 23B35 321LY1 29683 1907} (TR 067
Intr. 956 16210 1M 1618 25049 25107 | 109285 | 14294 Ilﬂ 98 19989 22000 77687 24726 14755

T Faest B . " . . R . . . . T
FaiK [ M3 1247 7188 2707 NS NS 1504 1307 ° 2308 7. 71.90 358 H
Fav 1090 NS 14.8% 15,64 1545 NS alT 14,33 [ X} 1558 15.03 15,335 1915 1914
Kxv 1090 NS 14.3% 13.64 19.36 NS an 15.53 5.0 1998 1808 1435 19.25 114
Fx K1V NS 287 ne NS 3169 T30 26.590 1418 M 3L f- &} M T4.49

P = Phosphorus; K = Polasslum; V = Varletles; Comb. = Combined; and Intr. = Iniroduced; NS = Not significant and " = Significant

v00z ‘1idy ‘(y) 67 “MUN BINOSUEH ‘(2§ "ILBY T
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Table 5: Crude Fiber yicld (Kg/fed) of the two alfalfn varictics grown under three rates of phosphorus and potassium in 19992008,
200072001 and combined over two years.

1599/ 2000 2004 / 2001

' | o' [ o [ ou' | cur | e Cort | cor’ | cu' | cm’ | ca’ | cu' |_cur’
Pbosphorns () 15K g/led 99.19 BT D029 20075 17N TRV 13483 12526 15372 33486 410 S0 MRET | 200802

45 Kyifed 10707 20846 D129 27229 17647  M293 145,60 13535 19039 MSI0 48577 S6B14 41062 27156 1850.57 |
TSKyp/led 12621 21936 79041 PR} 37685 16790 104 IPTS M0 43507 SBISE 430,39 247%.36 204496

LSD(0.05) 1891 1507 M3 1€a7 X . 550 200 173 1543 IZ¥) 4585 1926 ™01 4,09
Fotmalem (K) 24Kgled 21.71 RID Wi TS 51215 36056 gAY 174135
{8Kpffed | 10570 336,40 . 55018 409.06 | I5E15 1871.% |
72Kgifed JLER SETYS 41706 1361.21 1957.23 |
LSD {0.05) ; & 139 T 9.0t
Varetles (V) lecal w735 265745
lotr. )L TE 183452

a *

NS
NS

P = Phospliorus; K = Potassium; V = Varieties; Comb. = Cambived and Intr. = Introduced; NS = Nol significant and = = Significant
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3-Interaction effects:

The combined analysis over years Tables 2 to 7 demonstrated that
all interactions between phosphorus X potassium; phosphorus X varielies,
potassium X varieties and phosphorus X potassium X varieties had a
significant effect on fresh and dry fodder yields as well as crude protein,
crude fiber, ash and oll yields excepl the inleraction between potassium X
varieties for protein yield. The significance of inleraction indicated that the
relative performance of the two varieties was not consistent across
phosphorus and potassium levels, as well as phosphorus treatments did nol
respond the same 1o changes in polassium treatments. These results are not
in agreement with that obtained by Geweifal (1990) who found that the
interaction between phosphosus ang potassium fedilization did not has a
significant effect on forage yield and quality.

In general, with respect of the three variables interaction results
revealed that local vanety (Ismailia-1) fertilized with 75 Kg P,0s and 72 Kg
K,Olfed, recorded the highest forage production quantity and quality of alfalfa
under newly reclaimed sandy soil in Middle Egypt Meanwhile, introduced
variety, (Siriver) must be tested in a wide range of environments before
recommend to be grown in a specific site.
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