
217HORTSCIENCE, VOL. 38(2), APRIL 2003

HORTSCIENCE 38(2):217–221. 2003.

Response of Shallots to Mulching and 
Ni tro gen Fertilization
Kebede Woldetsadik1

Alemaya University, P.O. Box 132, Alemaya, Ethiopia

Ulla Gertsson and Johan Ascard
Department of Crop Science, The Swedish University of Agricultural Sciences, 
P.O. Box 44, SE-230 53 Alnarp, Sweden

Additional index words. straw mulch, plas tic mulch, weed control, moisture con ser va tion, 
Ethiopia

Abstract. Two fi eld experiments were con duct ed with shallot (Allium cepa var. ascaloni-
cum Baker) on heavy clay soil to evaluate growth and yield response to mulch ing and 
nitrogen fertilization under the subhumid tropical climate of eastern Ethiopia during 
the short and main rainy seasons of 1999 with rainfalls amounting to 240 and 295 mm, 
re spec tive ly. The treat ments included wheat straw, clear and black plastic mulches, and 
an unmulched control, each with nitrogen rates of 0, 75, or 150 kg·ha–1. Straw and black 
plastic mulches in creased soil moisture while clear plastic reduced it considerably. Weed 
control was best with black and clear plastics in the short season and with black plastic 
or straw mulch in the main season. Both plastic mulches elevated soil temperature, es pe -
cial ly clear plastic, which also caused most leaf tip burn. Yield increased nearly three-fold 
with the black plastic mulch in the short season and by one fourth in the main season 
compared to the bare ground. The straw and clear plastic mulches increased yield during 
the short sea son, but slightly reduced yield in the main season. The growth and yield of 
shallot were related to the weed control and soil moisture conservation ef fi  cien cy of the 
mulches. Mulch ing did not alter the dry matter and the total soluble solids contents of 
the bulbs. Nitrogen fer til iz er increased leaf numbers, plant height, mean bulb weight, 
bulb dry matter, and total sol u ble solids while reducing marketable bulb number, but 
did not signifi cantly af fect yield, leaf tip burn, or weed abundance.

growth, soil moisture conservation, and soil 
temperature and on growth, yield and quality of 
shallots; and to evaluate the effects of ni tro gen 
fertilization on growth, yield and quality of 
the crop under the subhumid trop i cal cli mate 
of Ethiopia.

Materials and Methods

Two fi eld experiments were conducted 
dur ing the short rainy season and main rainy 
season of 1999 on the Research Farm of the 
Alemaya Univ. of Agriculture, Ethiopia (lat. 
42°3'E; long. 9°26'N) at an altitude of 1980 m 
above sea level. Soil of the site was a heavy clay 
with 15 g·kg–1 organic carbon, 1.5 g·kg–1 total 
ni tro gen (N), 0.007 g·kg–1 available phos pho rus 
(P), pH 7.2, and water holding capacities of 
420 g·L–1 and 260 g·L–1 at fi eld capacity and 
permanent wilting points, respectively.

The short season planting was carried out 
soon after rain commenced on 16 Apr. and 
the main season planting was carried out on 
24 Sep t. 1999, following the rainfall pattern 
and growers  ̓practices. Rainfalls during crop 
growth periods of the fi rst and the second 
experiments were 240 and 295 mm, re spec -
tive ly. Mean air temperatures during re spec tive 
periods were 19.1 and 15.3 °C.

Bulbs of a local shallot cultivar, ‘DZT-
Sht-78ʼ, with a size of ≈30 mm were used in 
the studies. Treatments comprised four mulch 
ma te ri als and three nitrogen fer til iz er levels. 
The mulch treatments were bare ground, wheat 
straw, and black and clear polyethylene sheets 
(0.03 mm) each with nitrogen (N) applications 
at rates of 0, 75, and 150 kg·ha–1. The source 
of N was urea. All combinations of the mulch 
and nitrogen lev els were laid out in fi eld 
plots in a randomized complete-block design 
with four rep li ca tions. Plots consisted of four 
0.6-m-wide × 3-m-long beds and a path of 1.5 
m between the plots. Planting was done in two 
rows per bed at a spacing of 0.3 m between 
rows and 0.2 m between plants in the row. 
The outer beds were used as borders and for 
mon i tor ing soil moisture while the two center 
beds were used plant growth, weed, and yield 
mea sure ments.

The nitrogen treatments were applied to the 
appropriate plots before mulching. At the same 
time, all plots received triple su per phos phate 
equivalent to P at the rate of 40 kg·ha–1. The 
fertilizers were thoroughly mixed with the 
top soil. The plastic mulch treat ments were 
placed on top of the ridged beds and anchored 
with hooked sticks and loose soil along the 
outer edge and center of the furrows after 
cutting planting holes. A nar row strip (20–30 
mm) along the center of the furrow was left 
un cov ered to let rain water percolate into the 
soil. The wheat straw mulch (50 mm thick) was 
uni form ly spread on the plots after plant ing.

The soil moisture content of the plots at 
0.1 m depth in the bed was determined using 
a TDR moisture meter (Trime FM-3; IMKO, 
Ettlingen, Germany) at weekly intervals in 
the main sea son experiment. However, dur-
ing the fi rst ex per i ment, measurements were 
made gravi met ri cal ly at monthly intervals with 
soil samples randomly taken from the border 
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In Ethiopia, shallots are one of the most 
important and widely used vegetables. The 
major production areas in the country are 
char ac ter ized by a bi-modal rainfall dis tri -
bu tion. The main rainy season occurs between 
July and September, followed by a long dry 
period that is interrupted by small rains (short 
season) peaking in April. Most growers plant 
shallot bulbs at the onset of the small rains. 
However, rainfall is usually irregular and the 
season is relatively warm, which could in crease 
evapo trans pi ra tion of the plants (El-Habbasha 
and Shaheen, 1976; Prashar, et al., 1994; Talha, 
et al., 1978). As a result, shallot crops often 
face moisture stress at early or peak growth 
periods. Similarly, the second crop planted in 
the main season may also be moisture stressed 
as grow ers delay planting because of risk of 
fungal diseases such as downy mildew and 
purple blotch during the high rainfall period 
(personal ob ser va tion).

Shallot growers often apply high amounts of 
nitrogen fertilizer (150 kg·ha–1) in an at tempt to 
obtain high yields. Nitrogen fer til iz ers en hance 
growth and yield of shallow root ed onion crops 
(Brewster, 1990; Hegde, 1986; Suojala et al, 
1998). Such benefi ts can be realized when the 
vegetation period is suf fi  cient ly long and when 

there is no severe drought, especially during the 
bulbing stage (Brewster, 1990; Doorenbos and 
Kassam, 1979). However, no data are available 
to sub stan ti ate the belief that ben e fi ts can be 
ob tained from fertilization of shal lots under 
low soil moisture conditions.

Cultivation of crops without suffi cient 
pre cip i ta tion or irrigation demands effi cient 
ways of utilizing any water reserves avail-
 able to the plant. Results of different kinds of 
mulching materials under different soil and 
climatic con di tions indicate increased plant 
growth and yields and improved bulb size of 
onions. Many of these effects were attributed 
to the ca pac i ties of the mulch in conserving soil 
moisture (Abu-Awwad, 1999; Adetunji, 1994; 
Shock et al., 1999), increasing soil temperature 
(Rahman and Khan, 2001), con trol ling weeds 
and dis eas es (Durante and Cuocolo, 1989; Ka-
tan et al., 1980; Shock et al., 1997), and reducing 
loss of nutrients (Shock et al., 1997).

Although mulching with plant residues has 
been a well-established practice, its use in some 
subhumid tropical areas is limited since these 
residues are used for other pur pos es, such as 
feed, fuel, or construction ma te ri al. The use 
of polyethylene (plastic) mulch in such areas 
could be an alternative means for suc cess ful 
pro duc tion of vegetables. Plas tic mulch es of 
different colors have been reported for their 
effi ciency in increasing yields of onions 
(Abdel, 1990; Adetunji, 1994; Vavrina and 
Roka, 2000).

This study was initiated to evaluate the 
effect of different types of mulches on weed 
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rows. Soil temperature at a depth of 0.1 m in 
the beds and from fi ve spots per plot was also 
recorded once a week at 1100 and 1400 HR using 
a ther mom e ter with attached probe (Testo 110; 
Nordtec Sensor Tech nol o gies AB, Linkoping, 
Sweden) throughout the experiments.

Weed infestation levels were determined 
by visual comparison of the weed density in 
the plant holes with a 1–5 rating, where the 
scale represented weed populations of <10, 
10–50, >50–100, >100–200, and >200 m–2, 
re spec tive ly. The scoring was done at 4, 6, 
and 8 weeks after planting and the weeds were 
re moved after each assessment.

Data on plant height, leaf numbers and 
laterals were recorded on 20 plants per plot, 
8 weeks after planting when plants at tained 
nearly maximum foliage growth. As sess ment 
of leaf tip burn was made as percent of white 
tip incidence following the pro ce dure of Leong 
(1986) at 6 and 8 weeks after planting. Bulbs 
were harvested when nearly 80% of the tops 
had withered. Mar ket able bulbs were grad ed 
by diameter into small, medium, and large 
(20–35, >35–50, >50 mm, respectively). In-
jured and small bulbs <20 mm diameter were 
recorded sep a rate ly. Dry mat ter content was 
determined by chopping one-quarter pieces of 
10 bulb sam ples ran dom ly taken from each 
treatment, and oven drying them at 75 °C to a 
constant weight. From the remaining quarters, 
juice was ex tract ed with a garlic press and total 
soluble solids (TSS) were determined using 
Abbe 60 refractometer (Bellingham & Stanley, 
Tunbridge Wells, U.K.). Tissue nitrogen was 
determined by the macro-Kjeldahl method 
(AOAC, 1984).

The analyses of variance were carried out 
using the general linear model of Minitab 
Sta tis ti cal Software (Minitab, State Col lege, 
Pa.) with comparison of means using least sig-
 nifi   cant difference (LSD) test at the 5% lev el. 
Re gres sion analysis was used to test cor re la tion 
between plant growth characters.

Results

Mulching signifi cantly affected most of 
the soil and plant parameters considered in 
this study. The use of wheat straw and black 
plastic increased plant height by 21% and 42%, 
re spec tive ly, compared with unmulched plants 
(Table 1). Plants grown with clear plastic were 
sig nifi   cant ly shorter than those of all other treat-
ments. The use of black plastic sig nifi   cant ly 
increased leaf nitrogen (N) content and bulb N 
uptake of shallot plants, while the straw mulch 
sig nifi   cant ly reduced N contents in the leaves.

Mulching showed interactive effects with 
season on leaf tip burn, bulb number, bulb 
weight, yield, and weed infestation levels (Ta ble 
2). The use of straw or black plastic mulch sig-
nifi cantly reduced the level of tip burn com pared 
with control plants. How ev er, plants grown in 
clear plastic mulch showed sig nifi   cant ly more 
tip burn than all other treatments. Except in the 
control and straw mulched plants, leaf tip burn 
was sig nifi   cant ly higher in the main season 
com pared with the short season. Bulb numbers 
were signifi cantly higher in the main season 
than in the short season. In the main season, the 

Table 2. Effects of mulch type and season on shallot plant growth, yield, and weed 
in fes ta tion. Means averaged over three nitrogen rates

Mulch                Leaf tip burn         Bulb no.           Bulb              Yield            Weed
treatment                    (%)                per plant          wt (g)         (Mg·ha–1)         scorez

Short season
Bare ground               8.2                       3.5               11.5                5.8                  3.1
Wheat straw               4.0                       3.7               21.0              10.8                  2.9
Clear plastic             12.0                       3.6               14.6                7.1                  2.5
Black plastic              3.0                       3.5               31.8              16.3                  1.2

Main season
Bare ground               7.2                       7.3               12.3                9.4                  3.1
Wheat straw               4.9                       5.7               14.2                8.4                  2.2
Clear plastic             13.5                       6.8               11.8                8.6                  3.6
Black plastic              4.6                       7.9               13.3              11.9                  1.5
LSD

0.05
                         1.2                       0.8                 2.2                1.7                  0.3

zScore: 1–5, where 1 = no weeds and 5 = >200 weed plants/m.

Table 1. Main effect of mulching on plant height, leaf and bulb N contents and N 
uptake by shallot. Means averaged over two seasons and three N rates.z

Mulch                    Plant height          Leaf N       Bulb N      Bulb N uptake
treatment                     (mm)               (g·kg–1)       (g·kg–1)           (kg·ha–1)
Bare ground                 272                    26                20                   26
Wheat straw                 329                    15                19                   31
Clear plastic                 244                    23                19                   25
Black plastic                386                    34                20                   47
LSD

0.05
                             17                      4                NS                     8

zLeaf and bulb N and bulb N uptake for main season only.
NSNonsignifi cant.

Fig. 1. Bulb size distribution of shallot with mulch ing treatments in the short and main seasons. Bulb with 
>50 mm in the main season were very few. Means with the same letter in each bulb category are not 
signifi cantly dif fer ent (LSD

0.05
).

straw mulch signifi cantly re duced bulb number 
compared to all other treat ments.

Black plastic and straw mulch sig nifi   cant ly 
increased bulb weight and yield of shallot dur ing 
the short season compared to the bare plot (Table 
2). The bulb weight and yield increases were 
nearly 3-fold for the black plastic mulch and 2-
fold for the straw mulch treat ment. In the main 
season, a yield increase was achieved only from 
the black plastic mulch, while bulb weight was 
sig nifi   cant ly higher in the straw mulch compared 
to the bare plot. The proportion of large bulbs 
(>50 mm) followed a similar trend to bulb yield 
in the short season, being highest in the black 
plastic mulch fol lowed by straw and least in 
clear plastic and the bare treatments (Fig. 1). 

Consequently, small size bulbs (20–35 mm) 
were dominant in the bare and less frequent in 
the black plastic mulched plots during the short 
season. In the main season, very few bulbs >50 
mm were obtained in all treatments. However, 
the use of straw mulch increased percentage of 
the me di um sized (>35–50 mm) bulbs compared 
to all other treatments.

Black plastic effectively suppressed weed 
growth during both seasons (Table 2). The domi-
nant weeds were Commelina bengalensis L., 
Oxalis latifolia Kunth., Galinsoga parvifl ora 
Cav., and Cynodon dactylon L. On average, 
there were 15 weed plants/m in the black 
plastic mulch compared to 242 plants/mm in 
the bare plots (data not shown). Clear plastic 
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reduced numbers of weeds in the short season, 
while it increased them in the main season. 
The weed control effect of the straw mulch 
was better than the bare plot only during the 
main season.

Nitrogen application significantly in-
 creased plant height at rate of 75 kg·ha–1 and 
bulb N content and N uptake at rates of 75 
or 150 kg·ha–1 (Table 3). Bulb numbers were 
sig nifi   cant ly reduced at N rate of 150 kg·ha–1. 
Ap pli ca tion of N did not signifi cantly af fect 
bulb yield, leaf N contents, leaf tip burn, or 
weed population (data not shown).

Nitrogen and season showed interactive ef-
 fects on bulb weight and DM content of bulbs 
(Table 4). Bulbs were heavier in the short season 
crop than in the main season crop and N rate 
at 75 kg gave the highest mean bulb weight. 
The DM content of the main season crop was 
higher than that of the short season and bulb 
DM at N rate of 150 kg·ha–1 was highest during 
the main season.

Nitrogen also showed interactive effects 
with mulching on leaf number and bulb DM 
contents (Table 5). Both leaf numbers and 
DM tended to increase with N rate except 
in black plastic mulched plants. Unfertilized, 
black plas tic mulched plots gave the highest 
leaf number while unfertilized bare plots and 
clear plastic mulched plots gave the least. Straw 
mulched and bare plots at N rate of 75 kg·ha–1 
and clear plastic at N rate of 75 kg·ha–1 gave 
the highest DM contents of bulbs.

The season, mulching, and N fertilizer in ter -
ac tion showed signifi cant three-way in ter ac tive 
effects only on TSS of bulbs where bare plots 
at all levels of N and black plastic mulched 
plots at N rates of 150 kg·ha–1 re sult ed in the 
highest TSS of bulbs (Table 6) during the main 
season. In the short season, the TSS content of 
bulbs in all mulched plots did not differ from 
the bare plots, but black plastic mulch tended 
to reduce it at all levels of N.

Soil moisture at a 0.1-m depth was sig nifi  -
 cant ly higher under the straw treatments dur ing 
most part of the growing seasons com pared 
with the bare plots (Fig. 2). Soil mois ture 
under the black plastic treatment was also 
sig nifi   cant ly higher during the fourth week in 
the short season and sixth and eighth weeks 
in the main season compared with the bare 
plots. Soil mois ture in clear plastic mulched 
plots was either similar to or lower than that 
of the bare plots in both seasons.

Clear and black plastic mulches sig nifi  -
 cant ly raised the soil temperature at a 0.1-m 
depth during most part of the growing seasons, 
while straw reduced it compared with the bare 
ground treatments (Fig. 3). With clear plastic, 
the rise averaged 3 °C in both seasons and 
ranged between 1.1 and 6.5 °C. While the in-
crease by black plastic over the seasons was 
≈1.5 °C, the straw mulch on average reduced 
soil tem per a ture by 2 °C.

Discussion

The yield increases of shallot by black plas tic 
in this study could, in part, be at trib ut ed to the 
combined effect of weed control, con ser va tion of 
soil moisture, and increase in soil tem per a ture. 

Table 6. Effects of mulch type, N rate, and season on shallot bulb total 
soluble solids (g kg–1) contents.

 Short season Main season
Treatments N rate (kg·ha–1)
Mulch                     0           75          150                0            75         150
Bare ground         124        126         125              150         150        155
Wheat straw         131        131         127              148         147        143
Clear plastic         136        124         124              140         147        140
Black plastic        125        120         117              138         148        157
LSD

0.05
z                             8

zLSD
0.05

 is the interactive LSD for com par i sons within seasons, within mulches 
and within N rates.

Table 5. Effects of mulch type and N rate on shallot leaf number and bulb 
dry matter (DM) content.

 Leaves per plant DM (g·kg–1)
Treatments N rate (kg·ha–1)
Mulch                     0            75          150               0           75          150
Bare ground          17         21              19             159        166         162
Wheat straw          21         21              22             156        167         161
Clear plastic          18         22              22             155        161         166
Black plastic         30         29              27             161        154         162
LSD

0.05
z 2.6                                             8

zLSD
0.05

 is the interactive LSD for com par i sons within mulches and within 
N rates.

Table 4. Effects of N rate and season on bulb weight and bulb dry matter (DM) 
content of shallot.

N rate Bulb wt (g) DM (g·kg–1)
(kg·ha–1)        Short season         Main season         Short season       Main season
0                           18.5                       12.6                       152                      164
75                         20.6                       13.0                       153                      171
150                       20.1                       13.2                       149                      177
LSD

0.05
z                                     1.9                                                     5

zLSD
0.05

 is the interactive LSD for com par i sons within mulches and within N rates.

Table 3. Main effect of N on plant height, bulb number, yield, leaf and bulb 
N contents and N uptake of shallot. Means averaged over two seasons 
and four mulching treatmentsz

Nitrogen           Plant ht.        Bulb no.            Bulb N          Bulb N uptake
(kg·ha–1)             (mm)         per plant            (g·kg–1)               (kg ha-1)
0 298                5.6                     16                      27
75 318                5.4                     20                      36
150 307                4.8                     22                      35
LSD

0.05
 14                0.5                       2                        7

zLeaf and bulb N and bulb N uptake for main season only.

Although the moisture con ser va tion ef fi  cien cy 
of the straw mulch was equiv a lent to, or better 
than, that of black plastic, its effect on yield did 
not match that of the black plastic mulch. This 
could be due to the lower soil temperature in 
the straw plot. Leaf and bulb growth of onion 
plants are linearly cor re lat ed to temperature from 
6 to 27 °C (Brewster, 1994). Grubben (1990) 
in di cat ed that the tem per a ture optimum for shal-
lot cultivation in Indonesia was ≈24 °C with 
a range between 20 and 30 °C. However, the 
high soil tem per a ture coupled with heavy weed 
infestation in clear plastic mulched plots re sult ed 
in con sis tent ly low soil moisture through out the 
seasons which could have ac count ed for the 
reduced foliage and high in ci dence of leaf tip 
burn and consequently yields similar or lower 
than the bare plots. Leong (1986) has also re-
ported similar yield-de press ing effects of leaf tip 
burn associated with moisture stress in shal lots. 

The reduction in soil temperature by straw and 
increase by the plastic mulches is in agreement 
with previous reports (Asiegbu, 1991; Bonanno 
and Lamont, 1987; Tindall et al, 1991).

The association of leaf numbers and plant 
height to the availability of soil moisture and 
their effect on yield is in agreement with pre vi ous 
reports for onions (El-Habbasha and Shaheen, 
1976; Talha et al, 1978; Begum et al, 1990). 
Shallot bulb yield in the present study showed 
signifi cant correlation with bulb weight (r = 
0.84; P < 0.001), which in turn was as so ci at ed to 
the numbers of leaves (r = 0.78; P < 0.001) and 
height of the plants (r = 0.90; P < 0.001).

Nitrogen fertilizer slightly improved mean 
bulb weight and bulb DM and TSS contents. 
However, it did not increase marketable yield 
in both seasons; rather, additional nitrogen pro-
 mot ed foliage growth, delayed bulb growth 
and development, and reduced the number of 
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Fig. 3. Soil temperature at a 0.1-m depth under bare ground (∆) wheat straw (2) clear plastic (R) and black 
plastic (■) mulches in the short and main seasons. Vertical bars indicate LSD at P = 0.05.

mar ket able bulbs. The absence of response of 
shal lot plants to applied nitrogen in this study 
is possibly due to the low soil moisture that 
pre vailed during most of the growing period 
in the short season and relatively low soil tem-
 per a ture in the main season. Although there 
were dif fer enc es between the treat ments, none 
of the mulch materials kept root zone soil 
moisture above the wilting point during the 
fourth and eighth week after planting in the 
short season. In the main season too, reduced 
soil moisture during the second half of the 
crop-growing period as well as low air and 
soil temperatures limited bulb growth. Mean 
air temperatures during the short and main 
sea sons were 19.1 and 14.8 °C, re spec tive ly, 
and the soil temperature of the main season 

was 4.3 °C lower than that of the short season, 
which is sub-optimal for shallot cul ti va tion 
(Grubben, 1990).

The effect of mulching was not suf fi  -
cient ly great to allow the crop to utilize ap-
 plied N under rain-fed conditions, although 
the soil was nat u ral ly low in fertility. Because 
of their shallow-rooted nature, growth and 
yield of onion plants are normally affected 
when the available soil moisture in the topsoil 
sur face drops below 60% to 80% available 
soil mois ture (Brewster, 1990; Shock et 
al., 1998). The work of Hegde (1986) and 
Thabet et al. (1994) also showed no or little 
growth and yield responses of onion plants 
to nitrogen fer til i za tion under low soil mois-
ture regimes. Ap pli ca tion of fer til iz er in this 

Fig. 2. Soil moisture at a 0.1-m depth under bare ground (∆) wheat straw (2) clear plastic (R) and black 
plastic (■) mulches in the short and main seasons. Vertical bars indicate LSD at P= 0.05.
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study would have aggravated stress around 
the plants due to concentration of ions.

Result of this study indicate that mois-
ture conservation alone by black plastic 
mulch can double yield of rain-fed shallot. 
However, ap pli ca tion of nitrogen, tended to 
reduce yield. Use of supplemental irriga-
tion and a wider range of cultivars may be 
con sid ered for potential response of the crop 
to N fer til i za tion.
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