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Abstract

Two factorial field expeeriments were conducted during 1991/
1992 season, the first on sugar beet/faba bean and the second on
maize/soybean intercropping patterns to evaluate the relative efficien-
cies and economic optimum rates of k- sulfate fertilizer.

The soil experimental sites were clayey in texture and the aver-
age values of chemical characteristics were as follows : Ecg -2.20 dsm™! ,
pH -8.26, 0.M. -1.36% and the available N-, P- and k- were 51, 9 and
347 mgkg™", respectively.

The results showed that potassium fertilization as k- sulfate was
beneficial for sugar beet, faba bean, maize and soybean whether grown
in monocropped or intercropped patterns. The relative k- fertilizer effi-
ciencies were reduced in intercropped patterns compared to monocrop-
ping systems. The economic optimum k- fertilizer rates inceased in inter-
cropped patterns relative to monocropped patterns. The values of (E.O.
k- rate)/(E.O. crop yield) ratio were lower under monocropped patterns
relative to intercropped ones.

INTRODUCTION

Intercropping, the practice of growing two or more crops simutaneously in the
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same field, Is a potentially beneficial system of crop prouduction that is practiced in
many areas of the world , especially-in in the tropics, where crops are grown with
a minimum amount of mechanization. In Egypt, Zahran (1970)found that the highest
yields of maize and soybean were obtained when both crops occupied 2/3 of the cul-
tivated area, although the yield of maize or soybean decreased when grown togeth-
er.The combined yield produced exceeded their individual yields by about 25%. lbra-
him et al. (1977) found that maize and soybean yields obtained from a unit area of
land were higher in 2:2 system than 2:1 system . Hosney (1983) found that inter-
cropping maize with soybean decreased seed yield of soybean as compared to mono-
cropping. In USA, Gardiner and Craker (1981) revealed that soybean and maize are
commonly suggested as desirable intercrop species because different growth rates
of these species should allow full utilization of the environment with minimum com-
petition for light.Mchamed and Nigm (1988) found that the land equivalent ratio of
maize (LER,) in maize/soybean intercrop was significantly increased with increas-
ing N-fertilizer level up to 166.6 kg N/ha. Other researches found good responses to
k-fertilization for some field crops with comon rates of 170, 100, 60 and 70 kg
k,0/ha for sugar beet, faba bean, maize and soybean, respectively (Abd El-Hadi
1989; Genaidy 1988; Genaidy and Hegazy,1991; and Hegazy et al. (1990). It is not
known whether the same type of response can be expected when sugar beet is inter-
cropped with faba bean and maize with soybean.

The objective of this work was to evaluate potassium sulfate fertilization of
sugar beet/faba bean and maize/soybean intercropping systems compared to mono-
cropping systems.

MATERIALS AND METHODS

_ Two intercropping experiments involving k-rates of 0, 57 and 114 kg k20/ha
were conducted on an alluvial soil at Sakha Agriculure Research Station, located at
the Northern part of the Delta, Egypt. Soil data for the two sites of experimentation
are shown in Table 1. Soils analysis were done according to Black, 1965. The first
experiment (site 1) with monocropped and intercropped sugar beet (Beta vulgaris,
L.) and faba bean (Vicia faba, L.) was planted on October 28, 1991. The second ex-
periment (site 2) with monocropped and intercropped maize (Zea mays, L.) and
soybean (Glycin max (1) Merill) was planted on May 15, 1992. Both crops in the
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two experiments were planted on the same date. The intercropped treatments were
planted in 2:1 system. The plot area was 6 x 7m = 42m2, rows spaced 60 cm and
distance between hills were 20, 10, 30 and 20 cm for sugar beet, faba bean, maize
and soybean, respectively. Treatments were replicated four times in a randonized
complete block design. All the comon agronomic practices were done as usual under
this area and k-sulfate fertilizer (KZSO4. 48% K,0) was added to planting for all
crops. Nitrogen and Phosphorus fertilizers (at the recommended rates) were applied
to all treatments. Harvests were manually done on April, 26-1992, May, 16-1992,
November, 15 and November, 25-1992 for faba bean, sugar beet, maize and soyb-
ean, respectively. All the obtained data were stastically analized according to Sen-
decor and Cochran (1971) . The mathematical approach reported by Capurro and
Voss (1981), Balba (1987, 1988) and Genaidy and Hegazy (1991) was followed to
determine the relative efficiences and the economic optimum rates of k-sulfate fer-
tilizer under crop pattern as follows :

1. Yy =B, +B; X; +B;; X2

5. P =P /P
B21 T R
2. Ym=B,- —
4B I
1 Ym (100 - P?r/E 2)
s Yo 100
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Where the term Y; is the yield corresponding to the application rate of nutrient
X, B, is the intercept coefficient, B, is the linear coefficient and B, is the quadrat-
ic coeficient, Y, is the maximum yield, Yy is the relative yield, E, is the relative ef-.
ficiency index (which can be defined generally as the nutrient efficiency at 99% of
maximum yield and is independed of the nutrient ratre), P is equal to the nutrient/
crop price ratio, P, is the price of fertilizer rate applied, P_ is the peice of one ton
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of crop yield, Y, is the economic optimum yield, X is the economic optimum fertiliz-
er nutrient rate, F_is the nutrient efficiency at the economic optimum yield and Y, is
the actual measured yield obtained by nutrient rate equal to x,. From the measured
yield data, the parameters B, B1 and B” are calculated as follows :

B, =Y, By =(4Y, - Y, - 3Y)/ 2,B; = (Yo+ Y, - 2Yy)/2.

Where Y, Y, and Y, were the actual obtained yields at nutrient rate X = 0,1,
2 units, respectively.

RESULTS AND DISCUSSION

I- EFFECT OF MAIN VARIABLES :

A- Potassium fertilization

As shown in Table (2 and 3) the k-fertilizer effects on crop yields were found
to be significant whether grown monocropped or intercropped. As for the first ex-
periment, the increase due to k-fertilizer of 57 and 114 kg KZO/ha. On vyields of
sugar beet and faba bean patterns were 46% and 74% over (K,). Abd El-Hadi
(1989), Genaidy (1988), Hegazy et al. (1990) and Genaidy and Hegazy (1991) found
similar responses of K-fertilizer for different field crops.

B- Crop patterns

Tables (2 and 3) also indicate the effect of crop pattern on yield of single
crops and intercropped patterns where the decrease due to intercropping relative to
monocropped were 22%, 35% for sugar beet/faba bean pattern and 15%, 50% for
maize/soybean patern, respetively. Zahran (1970), Ibrahim et al. (1977) and Mo-
hamed and Nigm (1988) found that maize and soybean yields were decreased when
intercrépped.
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Table 1. Soil characteristics at experimental sites.

Soil characteristics Exp. 1 (Site 1) Exp. 2 (Site 2)

Soil texture et sis Clayey-=sc=ieosvay >
Soil pit (1: 2.5 Susp.) 8.23 8.30

EC, (Soil paste at 250C) 2.14 dS.m-1 2.27 dS.m-1
Organic Matter 1.33% 1.39%
Available N (K-sulfate ext.) 45 mg.kg! 58 mg.kg!
Available P (Olsen ext. P.) 8 mg.kg™ 10 mg.kg-!
Available K (Amm. acetate ext.) 307 mg.kg 397 mg.kg!

Table 2. Effects of potassium fertilization and sugar beet/faba bean inter-
cropping patterns and interaction on monocropped and intercropped
yields (ton/ha.)Exp. 1.

Crop pattern Monocropped Intercropped Mean
Sugar Faba Sugar beet/Faba bean | K-fertilizer
beet bean
K-fertilization
Kg K20/ha
0 4.24 1.80 2.91 1.49 2.60
57 6.31 2.69 4.75 1.56 3.83
114 7.43 2.48 5.48 1.61 1.80
Mean crop
Pattern 5.99 2.33 4.38 1.55

L.S.D. .05 K-fertilizer = 0.23

Crop pattern = 0.22
Interaction = 0.46



M.H. HEGAZY AND S.A. GENAIDY

30

69°0 = uonoessy|
0p'0 = wielied dou)

N $€'0 = Joz||Iay-) 500 g’
€60 S89 L8'L +0'8 uialied dou) uespy
L8% 0oo'L Lz oLe S0'6 vLL
VAR 4 96°0 vl L6°L 12'8 A
€8°€ 280 629 vl 649 0
BY/02) B
uo13ez||13494-)
EICIBN uesghos ; ozieyy | ueaqkos sziep
ueajpy paddo.osaiu) paddoioouop usa3ed dot)
z .mxw

(‘ey/uol) spjelA paddoidseiul pue paddoioouow uo uonoesdlul pue sussiied
Buiddoioiaiul ueagAos/eziewl pue uonez|ilIe) wnisseyod JO 10843 '€ 9|qel



POTASSIUM SULFATE FERTILIZATION IN INTERCROPPING SYSTEMS N

C- Interaction effect :

The crop yields were affected by the interaction of (k-fertilization X crop
pattern), Tables (2 and 3). As for the first experiment, the increments due to the
addition of 57 and 114 kg K,0/ha. over (K,) for single sugar beet, single faba bean
and intercropped were (48%, 19%), (49%, 37%), (63%, 88%) and (9%, 17%),
respectively. While the second experiment revealed the parallel results to be (22%,
33%), (34%, 47%), (14%, 13%) and (17%, 22%) for single maize, single soybean
and intercropped ones, respectively.

lIl- QUANTITATIVE CONCEPT

Data of the calculated polynomial equations and their derivations are shown in
Table 4 and indicate the following :

a. There were no significant differences between the calculated and determined
yields for single or intercropped crops as for its response to K-fertilization.

b. The economic optimum yields for sugar beet crop were 7.69 and 5.48 ton sugar/
ha. for single and intercropped patterns, respectively. Those yelds were obtained by
adding the economic optimum rates of 82.11 and 140.86 kg K,0/ha. with relative
nutrient efficiencies (F,) of 0.264 and 0.043, respectively.

¢. As for faba bean crop, the optimum yields of 2.74, 1.84 ton seeds/ha. for single
and intercropped patterns were obtained by adding the economic optimum rates of
76.97 and 150.70 kg K,0/ha. with relative efficiencies (F,) of 0.317 and 0.040, re-
spectively.

d. As regard to maize crop, the economic optimum yields of 9.16, 7.51 ton grains/
ha. for single and intercropped patterns were obtained by adding the economic opti-
mum rates of 60.25 and 154.23 kg K,0/ha. with relative efficincies (Fn) of 0.191
and 0.103, respectively.

e. As for soybean crop, the yields of 2.09 and 1.017 ton seed/ha. of single and in-
tercropped patterns were found by adding the economic optimum rates of 58.79 and
106.25 kg K,0/ha. with relative efficiencies (Fn) of 0.141 and 0.009 for the two
patterns, respectively.
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Regarding the movetary values of (Economic optimum k-fertilizer rate)/
(Economic optimum crop yield) ratios, they would be 0.005, 0.010 and 0.020 for
single beet, single faba bean and their intercropping, respectively. For the second
trial, those ratios were 0.006, 0.016 and 0.029 for single maize , single soybean
and their intercropping , respectively.

Ill- CONCLUSIONS
From the above mentioned results we conclude the following :

1. Potassium fertilization from K-sulfate source was benificial for sugar beet, faba
bean, maize and soybean grown in single or intercropped patterns.

2. The relative K-fertilizer efficiencies were lower in intercropped patterns than
monocropped patterns.

3. The economic optimum K-fertilizer rates inceased in intercropped patterns rela-
tive to single ones.

4. Regarding the values of (E.O. K-rate)/(E.O. Yield peice) ratios, it was decreased
in single patterns relative to intercropped ones.

5. Under roevoiling conditions, it is advisable for small farmers in Egypt (who pre-
fer intercropping patterns) to apply 140, 150, 155 and 106 kg K,0/ha. to sugar
beet , faba bean, maize and soybean, respectively in order to obtain optimum eco-
nomic yields.
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