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Effects of compost on onion quality, yield, 
and thrips infestation
Allan T. Showler* 

Abstract 

Although onion, Allium cepa L., production has been enhanced by the addition of organic matter to soil, other reports 
indicated no effect. In this study, onion plots (var. Sweet Sunrise) were treated with conventional fertilizer, composted 
sugar mill ash and vegetative yard waste, or fertilizer + compost. Measurements during two consecutive growing 
seasons in the Lower Rio Grande Valley of Texas were recorded on soil nutrients, nutrients in onion leaf tissue, leaf 
lengths, bulb yields in terms of numbers and weights in different size classes, and biochemical qualities. Our study 
demonstrates that the compost enriched soil fertility, particularly P, K, and Zn; percentage N in the onion leaf tissue 
was increased to the same extent as plants that received fertilizer; and leaves grew as long as in plots with fertilizer. 
At harvest, small cull bulbs were consistently the most prevalent in the control, and although compost had a positive 
influence on numbers and weights of marketable bulbs, fertilizer provided the highest yields during the first growing 
season. During the second season, however, marketable bulbs in composted plots were as abundant as in the plots 
receiving fertilizer. Treatment effects on thrips-induced leaf scarring were negligible. We conclude that the compost 
was useful for increasing marketable onion yield, and that effects improved as the compost decomposed over the 
two consecutive growing seasons.
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Introduction
Worldwide, onion, Allium cepa L., production occurs 
in at least 175 countries, with China, India, the United 
States, Turkey, and Pakistan having the most, yielding 
97 billion kg/yr (FAOstat 20,019). In the United States, 
onion plantings comprise 52,400  ha yielding about 3.2 
billion kg/yr valued at ≈US$1 billion (FAOstat 2019; 
NASS 2019). The onion crop in the United States is 
considered to be of high value and it is one of the most 
pesticide-intensive vegetable crops (NASS 2019) due to 
weed competition sensitivity (Bleasdale 1959; Wicks et al. 
1973; Khokhar et al. 2010; Hatterman-Valenti 2012) and 
injury from diseases and arthropods (Adams et al. 2009; 
Culpepper 2009; Langstron 2009; Sell and Aakre 2009).

Onions are generally considered to be cool season 
plants (Boyhan et  al. 2009; Sell and Aakre 2009; Voss 

and Mayberry 2009), and although onions require two 
seasons to complete the cycle from planted seed to seed 
production, they are cultivated for consumption as an 
annual (Voss and Mayberry 2009). Onions are planted as 
seed or transplanted as seedlings (Boyhan et al. 2009; Sell 
and Aakre 2009; Voss and Mayberry 2009). Transplants 
take 8–10 wk for bulbs to become harvestable (Boyhan 
et al. 2009), but harvest is often triggered when the necks 
weaken and the tops fall over (Sell and Aakre 2009; Voss 
and Mayberry 2009).

Conventional chemical fertilizers directly enhance crop 
yield because plants can assimilate the supplied nutrients 
directly or indirectly (Erana et al. 2019). Chemical ferti-
lizers, however, can also have negative effects on agricul-
tural ecosystems, such as degradation of soil (Jayathilake 
et al. 2006; Naeem et al. 2006), reduced soil microbiotic 
diversity, contamination of ground water, and pollution 
of the atmosphere (Aisha et  al. 2007; Hernandez et  al. 
2010; Erana et  al. 2019). Chemical fertilizers usually 
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require replenishment every cultivation season because 
N, P, and K are rapidly lost through evaporation and 
leaching (Aisha et al. 2007), and continuous use of inor-
ganic fertilizers often results in micronutirient deficien-
cies, imbalances of soil physiochemical properties, and 
unsustainable onion production (Jayathilake et al. 2006).

Composted materials are changed in the soil to organic 
fertilizer through biological processes, producing a stable 
source of nutrients from biological oxidative transforma-
tion (Ahmed and Varshney 2011; Deepesh et al. 2016). In 
many instances, composts are sources of stable, humus-
like organic matter that can improve soil structure, 
increase soil moisture retention, reduce erosion, modify 
and stabilize soil pH, heighten cation exchange capacity, 
provision nutrients (especially N, P, and K), and stimu-
late microbial growth and activity in the soil (de Brito 
et  al. 1995; Tejada and Gonzalez 2007; Hepperly et  al. 
2009; Mahmound et al. 2009; Diacono and Montemurro 
2010; Xiao et  al. 2010; Ahmed et  al. 2013; Islam et  al. 
2017; Lee et al. 2018; Erana et al. 2019). Some composts 
can also suppress soil borne plant pathogens, including 
Allium white rot, Sclerotium cepivorum and Fusarium 
oxysporum f. sp. lycopersici, most likely by introducing or 
augmenting antagonistic microbes (Smolinska and Hor-
bowicz 1999; Smolinska 2000; Coventry et al. 2002, 2005, 
2006; Erana et al. 2019). While some studies did not find 
that compost amendments improved onion yield (War-
man 2005; Rathod et al. 2009), others showed increases, 
especially when the compost was augmented with nitro-
gen (Maynard and Hill 2000a,b; Krishnamurthy 2005).

Onion thrips, Thrips tabaci Lindeman, cause serious 
yield losses to onions worldwide (Lewis 1997) by stunt-
ing the plant and reducing bulb weight from leaf feeding, 
predisposing plant sto bacterial and fungal pathogens, 
and transmitting iris yellow spot virus (Gill et al. 2015). 
Thrips pressure often occurs as outbreaks which are pri-
marily controlled using insecticides (Morse and Hoddle 
2006; Nault and Shelton 2010), leading to insecticide 
resistance in the pest (Shelton et al. 2003, 2006; Herron 
et  al. 2008). The purpose of this study was to examine 
the effects of compost, with and without conventional 
fertilizer application, on plant nutrient levels in the soil, 
selected concentrations in the leaf tissue, infestations by 
onion thrips, Thrips tabaci Lindeman, and bulb quality.

Materials and methods
This study was conducted on 0.11 ha of a larger experi-
mental field located at the USDA-ARS Kika de la Garza 
Subtropical Agricultural Research Center at Weslaco, 
Hidalgo County, Texas, for two growing seasons between 
Oct 2009 and Apr 2011. We used a randomized complete 
block experimental design. The experimental area was 
divided into six blocks, each of which was subdivided 

into four plots that were six rows (on 1 m row spacing) 
wide × 7.6-m long. The four plots within each block were 
randomly assigned to be a control without any compost 
or fertilizer, and two plots in each block received ≈605 kg 
of composted sugar mill mud, fly ash, and bottom ash 
from the mill fire box, and yard waste (Natural Solutions, 
Mission, Texas) rototilled into the top 30  cm of soil on 
4 Mar 2009 (≈8 mo before the onions were planted). 
One of the two composted plots was, after planting, also 
treated with a conventional 28–0–5 (N-P-K) fertilizer 
application. The fourth plot received fertilizer only (fer-
tilizer was applied by injection fertigation). One kg of the 
compost was sent to the Texas Plant and Soil Lab (Edin-
burg, Texas) for analysis of nutrients (N, P, K, Na, Mg, Zn, 
Fe, Mn, Cu, B, and S) and organic content, and the same 
quantity of the compost was sent to Soil Food Web (Cor-
vallis, Oregon) for quantification of selected microbiota.

Onions (var. Sweet Sunrise) were double-row planted 
on top of the beds, each bed row 25 cm apart from adja-
cent bed rows, on 19 Oct 2009 and 20 Oct 2010, and fer-
tilizer was applied on 14 Jan 2009 and 25 Jan 2011. Flood 
irrigation to furrows was provided on 20 and 30 Oct, 13 
Nov, 10 Dec 2009, 8 and 25 Mar, 20 Oct, 1 and 22 Nov, 
9 Dec 2010, 4, 12, and 31 Jan, 18 Feb, 4 Mar, 7 and 21 
Apr, and 5 May 2011. Weeds were manually removed 
as needed, and no pesticides were applied for control of 
insects and pathogens. Because much of the previous 
year’s compost remained in the soil at the start of the 
second growing season, compost was not added, repre-
senting what would most likely occur in a compost-aug-
mented system.

Six soil probe samples, each 15 cm deep, were collected 
early and later during each growing season at random 
spots from the rhizosphere area of rows and mixed from 
within each plot on 26 Oct 2009, 10 Mar, and 27 Nov 
2010, and 15 Mar 2011. The samples were sent to the 
Texas A&M AgriLife Extension Service Soil, Water and 
Forage Testing Laboratory (College Station, Texas) for 
determining pH, conductivity, and amounts of nitrate, 
P, K, Ca, Mg, Na, S, Zn, Fe, Cu, Mn, and percentage 
organic matter. Six leaves from the uppermost three full 
expanded leaves, each leaf from a different onion plant, 
were collected from every plot on 25 Feb 2010 and 3 Mar 
2011, oven dried at 38 °C for 48 h, then sent to the Texas 
A&M AgriLife Extension Service Soil, Water and Forage 
Testing Laboratory for quantifying percentage N, and 
amounts of P, K, Ca, Mg, Na, Zn, Fe, Cu, and Mn.

On 29 Dec 2009 and 18 Jan 2011, numbers of onion 
plants were counted on two 1-m-long sections of bed 
(included both rows of onion plants on top of each bed). 
Leaf lengths from five randomly selected onion plants 
per plot were recorded on 25 and 18 Jan 2010 and 2011, 
respectively. Percentages of leaves that had been injured 
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by onion thrips was determined by examining all the 
green leaves on three onion plants per plot for feeding 
scars. Numbers of onion thrips (nymphs and adults) were 
counted using a hand lens on eight fully expanded leaves 
from each plot on 8 Dec 2009, 2 Apr and 11 Dec 2010, 
and 10 Apr 2010.

Harvest occurred on 6 May 2010and 19 May 2011. 
Onion bulbs were hand-pulled from two 7.6-m-long beds 
of the four inner beds in each plot, the leaves clipped off, 
and the bulbs were separated into diameter classes: small 
culls were < 5.1 cm, “mediums” were 5.1–7.6 cm, “large” 
bulbs were 7.7–10.2  cm, and “colossals” were > 10.2  cm. 
Five “large” onions from each plot, where possible, were 
analyzed for percentage moisture and brix, and pun-
gency, measured as concentration of pyruvic acid, and 
soluble solids concentration were determined using the 
method of Randle and Bussard (1993). Twenty-five bulbs 
per plot were examined externally, and by slicing them in 
half, for signs of rot.

Treatment differences for all data sets were detected 
using both two-tailed analysis of variance (ANOVA) as a 
randomized block design, and as a factorial with compost 
and fertilizer used as treatment factors (Analytical Soft-
ware 2008). Because insufficient numbers of large onions 
were produced in the control, factorial analysis was not 
conducted for bulb quality parameters. Normality and 
homogeneity of variance assumptions were not violated; 
hence, data were not transformed. Percentage data was 
arcsine-square root-transformed before analysis to con-
form to ANOVA assumptions. Differences between 
growing seasons were not analyzed because other, non-
treatment, variables might have influenced production.

Results
Soil percentage organic matter, pH, and macronutrients
The compost was comprised of 26.3% organic matter, had 
a C:N ratio of 11.8:1, and quantities of each quantified 
element (Table  1). Microbial analysis of the same com-
post revealed that there were 53.7 and 5.01 μg/g of active 
bacteria and fungi, respectively. Soil analysis of samples 
collected on 26 Oct 2009, 8 mo after the compost was 
incorporated, showed that the compost-amended plots 
had greater amounts of organic matter (Table 2), and fac-
torial analysis detected a positive compost effect on every 
sampling date (F ≥ 18.66, df = 1, 23, P ≤ 0.0076). All of the 
treatments, however, were less alkaline, with a mean pH 
of ≈7.9 ± 0.1, than the control at pH 8.4 ± 0.02 (F = 25.88, 
df = 3, 23, P < 0.0001), and factorial analysis indicated 
that pH was decreased by compost (F = 35.40, df = 1, 
23 P = 0.0019) and by the fertilizer (F = 27.77, df = 1, 23, 
P = 0.0083), but a compost × fertilizer interaction was 
detected (F = 18.05, df = 1, 23, P = 0.0081). By March, 
pH in the control remained the same as in the previous 

autumn, but the pH in soil augmented with compost had 
risen to 8.2 ± 0.02; only the fertilizer and compost + fer-
tilizer plots were still more acidic at 8.0 ± 0.1 and 
7.8 ± 0.06, respectively (F = 16.21, df = 3, 23, P = 0.0001), 
and factorial analysis detected a negative fertilizer effect 
(F = 23.69, df = 1, 23, P = 0.0046). At the start of the sec-
ond growing season, pH had declined in the control to 
7.6 ± 0.07, but only the soil in the compost + fertilizer 
treatment was lower, at 7.3 ± 0.09 (F = 4.26, df = 3, 23, 
P = 0.0231) and factorial analysis did not indicate com-
post and fertilizer effects. By 15 Mar, pH had become 
greater in the control, 8.0 ± 0.04, than in the fertilizer and 
compost + fertilizer treatments, 7.6 ± 0.09 and 7.5 ± 0.03, 
respectively (F = 14.63, df = 3, 23, P = 0.0001). Factorial 
analysis showed that a fertilizer effect was linked to rela-
tively low pH levels (F = 41.11, df = 1, 23, P = 0.0014).

Early during the first growing season, soil nitrate 
concentrations were ≥ 3.3-fold higher in the treat-
ments than in the control (Table  2), and factorial 
analysis detected a positive compost effect (F = 45.80, 
df = 1, 23, P = 0.0011) and a compost × fertilizer 
interaction (F = 23.57, df = 1, 23, P = 0.0047). Late in 
the same growing season, however, the nitrate level 
was ≥ 3.2-fold greater in the fertilizer treatment than 
in the compost treatment and the control, but the com-
post + fertilizer treatment soil was 2.1-fold higher in 
nitrate than the fertilizer treatment (Table 2). Factorial 
analysis indicated that fertilizer was responsible for the 
heightened availability of nitrate (F = 20.94, df = 1, 23, 
P = 0.0061). At the start of the following growing sea-
son, nitrate concentrations were not affected by the 
treatments, but in March, nitrate levels were ≥ 9.5-
fold higher in the two treatments where fertilizer had 
been applied (Table  2), confirmed by factorial analysis 
(F = 18.96, df = 1, 23, P = 0.0073).

Table 1 Selected constituents of the compost based on dry 
weight

Constituent Quantity

% N 1.1

Nitrate, ppm 3,320

% P 2.0

% K 1.1

% Na 0.2

% Ca 4.9

% Mg 0.6

Zn, ppm 265

Fe, ppm 11,600

Cu, ppm 65

% S 0.2

Mn, ppm 484
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Levels of P in the soil were ≥ 3.1-fold greater in the 
two treatments with compost than in the fertilizer 
treatment and the control on each of the sampling 
dates (Table  2), and factorial analysis detected a posi-
tive compost effect (F ≥ 31.88, df = 1, 23, P ≤ 0.0024). 
During the first growing season, K was ≥ 1.2-fold more 
abundant in the compost treatment than in any of the 
other treatments and the control, but during the second 
growing season the compost treatment had 1.2-fold 
more K than the fertilizer treatment only, and no dif-
ferences were detected in Mar 2011 (Table 2). Factorial 
analysis, however, found a positive compost effect on 
all four sampling dates (F ≥ 14.91, df = 1, 23, P = 0.0120) 
and a negative fertilizer effect in Oct 2009 (F = 10.58, 
df = 1, 23, P = 0.0226).

Soil micronutrients
Treatment effects were not detected for Fe, but Zn 
was ≥ 1.5-fold more concentrated in the compost aug-
mented plots than in the other plots (Table 2), confirmed 
by factorial analyses for each sampling date (F ≥ 25.68, 
df = 1, 23, P ≤ 0.0039). On the last sampling date, a 
positive fertilizer effect was also detected (F = 115.74, 
df = 1, 23, P = 0.0001). Treatment differences in abun-
dances of Mg, Mn, and Cu were inconsistent over the 
sampling dates (Tables 2 and 3). Each of the treatments 
had ≥ 1.9-fold greater soil concentrations of S on the 
first sampling date, and, later in that growing season, S 
was 2.4-fold greater in the compost + fertilizer treat-
ment than in the fertilizer treatment and the control; 
factorial analyses showed that compost increased levels 
of S (F ≥ 10.91, df = 1, 23, P ≤ 0.0214). Treatment effects 

Table 2 Mean (± SE) concentrations of organic matter selected plant macronutrients in onion soil amended with conventional 
fertilizer, compost, and compost + conventional fertilizer during two growing seasons, Hidalgo County, Texas, 2009–2011 (n = 6 
replications)

Means in the same column and within the same sampling date followed by different letters are different (P > 0.05, Tukey’s HSD)
a 27 Oct 2009, 10 Mar and 30 Nov 2010, and 15 Mar 2011
b  OM, organic matter
c Nitrates
d C + F, compost + fertilizer
e df = 3, 23

Treatment Datea %  OMb N (ppm)cc P (ppm) K (ppm) Ca (ppm) Mg (ppm) S (ppm)

Control Oct 2009 0.6 ± 0.4b 3 ± 0b 107 ±  14b 353 ±  4b 2,587 ± 122 284 ± 6 11 ±  2b

Fertilizer 0.7 ±  0b 10 ±  2a 98 ± 12b 344 ± 16b 2,370 ± 319 273 ± 21 25 ±  2a

Compost 0.9 ± 0.1a 16 ±  2a 253 ±  28a 454 ±  13a 2,344 ± 100 288 ± 6 21 ±  1a

C +  Fd 1.0 ± 0.1a 12 ±  2a 291 ±  51a 392 ±  24b 2,305 ± 150 280 ± 12 24 ±  2a

Fe 28.69 10.48 11.15 13.10 0.46 0.25 20.02

P  < 0.0001 0.0005 0.0004 0.0002 0.7145 0.8619  < 0.0001

Control Mar 2010 0.6 ± 0.1b 3 ±  0c 115 ±  13b 355 ± 4c 2,496 ± 100 286 ± 5b 11 ±  1b

Fertilizer 0.7 ± 0.1b 13 ± 6b 118 ±  20b 386 ±  13c 2,586 ± 261 309 ±  12ab 15 ±  2b

Compost 1.1 ± 0.1a 4 ± 1c 370 ±  38a 504 ±  18a 2.836 ± 137 342 ±  10a 18 ±  2ab

C +  Fd 1.1 ± 0.1a 27 ±  9a 424 ±  16a 443 ±  16b 2,907 ± 186 333 ±  19ab 36 ±  5a

Fe 20.50 4.90 22.3 23.07 1.38 3.93 5.76

P  < 0.0001 0.0143  < 0.0001  < 0.0001 0.2864 0.0297 0.0080

Control Nov 2010 0.7 ± 0.1b 28 ± 4 96 ±  17b 336 ±  10ab 2,505 ±  166a 270 ± 9ab 44 ± 8

Fertilizer 0.6 ± 0.1b 25 ± 4 133 ±  9b 320 ±  11b 1,929 ±  167b 264 ± 9b 40 ± 8

Compost 1.0 ± 0.1a 34 ± 8 314 ±  22a 390 ±  19a 2,548 ±  162a 300 ±  12a 26 ± 3

C +  Fd 0.9 ± 0.1a 26 ± 6 348 ±  13a 366 ±  14ab 2,283 ±  136ab 294 ±  8ab 27 ± 3

Fe 15.71 0.92 82.46 5.50 4.10 4.06 2.97

P  < 0.0001 0.4537  < 0.0001 0.0095 0.0268 0.0268 0.0652

Control Mar 2011 0.5 ± 0.1b 1 ±  1b 105 ±  17c 390 ± 14 2,874 ± 221 323 ± 11 78 ± 10

Fertilizer 0.5 ± 0.1b 25 ±  7a 163 ±  9c 391 ± 16 2,173 ± 160 318 ± 10 99 ± 24

Compost 0.7 ± 0.1a 2 ±  1b 316 ±  21b 443 ± 24 2,631 ± 131 340 ± 13 67 ± 14

C +  Fd 0.8 ± 0.1a 19 ±  3a 409 ±  40a 410 ± 18 2,666 ± 188 334 ± 16 68 ± 12

Fe 9.28 8.55 59.89 2.29 2.29 0.72 3.16

P 0.0010  < 0.0001  < 0.0001 0.1197 0.1197 0.5555 0.0558
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were not detected during the second growing season 
(Table  2). Amounts of Na during the second growing 
season were ≥ 1.4-fold greater in plots without compost 
(Table 3), and factorial analysis detected a negative ferti-
lizer effect on both sampling dates (F ≥ 41.39, df = 1, 23, 
P ≤ 0.0011).

Onion leaf growth and macronutrient concentrations
Plant density was the same (≈32/m row) among the 
control and treatments during the early part of each 
growing season. Leaf lengths during the first and sec-
ond growing seasons were ≥ 1.4- and ≥ 1.2-fold longer 
in the treatment plots than in the control (F ≥ 25.67, 
df = 3, 23, P < 0.0001), respectively (Table  4), and fac-
torial analysis detected a positive compost effect for 
both growing seasons (F ≥ 83.55, df = 1, 23, P = 0.0003). 
During each of the two growing seasons, percent-
age N in onion leaf tissue was ≥ 1.2-fold greater in the 

treatments compared with the control (Table  5), and 
factorial analysis consistently detected positive com-
post (F ≥ 30.19, df = 1, 23, P ≤ 0.0029) and fertilizer 
(F ≥ 37.52, df = 1, 23, P ≤ 0.0017) effects. P concentra-
tions were ≥ 1.4-fold higher in the control during the 

Table 3 Mean (± SE) concentrations of plant micronutrients in onion soil amended with conventional fertilizer, compost, and 
compost + conventional fertilizer during two growing seasons, Hidalgo County, Texas, 2009–2011 (n = 6 replications)

Means in the same column and within the same sampling date followed by different letters are different (P > 0.05, Tukey’s HSD)
a 27 Oct 2009, 10 Mar and 30 Nov 2010, and 15 Mar 2011
b C + F, compost + fertilizer
c df = 3, 23

Treatment Datea Na (ppm) Fe (ppm) Zn (ppm) Mn (ppm) Cu (ppm)

Control Oct 2009 93 ± 5 4 ± 0.3 0.4 ±  0c 3 ± 0.2b 0.5 ±  0b

Fertilizer 98 ± 3 5 ± 0.2 0.7 ±  0bc 9 ± 0.8a 0.9 ± 0.1a

Compost 84 ± 3 4 ± 0.6 1.1 ± 0.1ab 8 ± 0.7a 0.8 ± 0.2ab

C +  Fb 95 ± 6 5 ± 0.4 1.3 ± 0.1a 8 ± 0.7a 0.9 ± 0.1a

Fc 2.54 0.63 15.8 2 15.61 4.44

P 0.0958 0.6075 0.0001 0.0001 0.0201

Control Mar 2010 105 ± 5 4 ± 0.1 0.4 ±  0b 3 ± 0.2c 0.6 ± 0.1

Fertilizer 91 ± 6 4 ± 0.2 0.4 ± 0.1b 6 ± 0.5b 0.8 ± 0.1

Compost 86 ± 2 4 ± 0.2 1.0 ± 0.1a 5 ± 0.2bc 0.8 ± 0.1

C +  Fb 92 ± 5 4 ± 0.2 1.2 ± 0.1a 9 ± 1.1a 0.8 ± 0.1

Fc 2.80 0.47 24.39 15.68 1.96

P 0.07054 0.7057  < 0.0001 0.0001 0.1627

Control Nov 2010 122 ±  6a 4 ± 0.2 0.5 ± 0.1b 5 ± 0.2b 0.7 ± 0.1

Fertilizer 124 ±  6a 4 ± 0.3 0.5 ± 0.1b 6 ± 0.2ab 0.7 ± 0.1

Compost 80 ± 4b 4 ± 0.2 1.0 ± 0.1a 6 ± 0.5ab 0.7 ± 0.1

C +  Fb 81 ± 5b 4 ± 0.2 1.1 ± 0.1a 7 ± 0.3a 0.7 ± 0.1

Fc 17.75 0.99 40.76 6.00 0.21

P  < 0.0001 0.4232  < 0.0001 0.0068 0.8882

Control Mar 2011 197 ±  9a 4 ± 0.1 0.5 ± 0.1c 5 ± 0.1b 0.6 ± 0.1b

Fertilizer 187 ±  10a 4 ± 0.2 0.6 ± 0.1c 9 ± 1.4a 0.6 ± 0.1b

Compost 116 ±  12b 4 ± 0.1 0.9 ± 0.1b 5 ± 0.1b 0.7 ± 0.1a

C +  Fb 135 ±  13b 4 ± 0.3 1.2 ± 0.1b 8 ± 0.9ab 0.7 ± 0.1a

Fc 12.31 2.02 142.61 7.35 4.50

P 0.0003 0.1538  < 0.0001 0.0030 0.0193

Table 4 Mean (± SE) lengths (cm) of onion leaves during mid 
growing season in plots with conventional fertilizer, compost, 
and both, Hidalgo County, Texas, 2009–2011

Means within the same column followed by different letters are significantly 
(P < 0.05), one-way ANOVA, Tukey’s HSD

Treatment Sampling date

25 Jan 2010 18 Jan 2011

Control 26.8 ± 1.1b 36.4 ± 0.4b

Fertilizer 36.8 ± 0.9a 45.4 ± 0.7a

Compost 40.5 ± 1.6a 45.7 ± 1.0a

Compost + fertilizer 41.6 ± 1.8a 45.6 ± 0.8a
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first growing season than in the fertilizer and com-
post + fertilizer plots, but during the second grow-
ing season, P was ≥ 1.1-fold more concentrated in the 
fertilizer and the compost treatments than in the con-
trol (Table  5). Factorial analysis reflected the differ-
ence by detecting a compost × fertilizer interaction 
(F = 6.92, df = 1, 23, P = 0.0465) in the first growing 
season and a positive compost effect (F = 29.85, df = 1, 
23, P = 0.0028) in the second growing season. Differ-
ences in amounts of K in onion leaf tissue were only 
found during the second growing season when treat-
ments with compost had ≥ 1.3-fold more than in the 
control (Table 5), and factorial analysis showed a posi-
tive compost effect (F = 8.51, df = 1, 23, P = 0.0331). 
Ca was ≥ 1.2-fold more concentrated in onion leaf tis-
sue collected from the control than in the treatments 
during the first growing season, and ≥ 1.1-fold more 
in the control and the compost + fertilizer treatment 
than in the other two treatments (Table  5). Factorial 
analysis of Ca concentrations in the first growing sea-
son showed a negative compost effect (F = 11.45, df = 1, 
23, P = 0.0196) and a positive fertilizer effect (F = 9.03, 
df = 1, 23, P = 0.0171) with a compost × fertilizer inter-
action (F = 11.25, df = 1, 23, P = 0.0202). During the 
second growing season, factorial analysis again indi-
cated a negative compost effect for Ca (F = 56.74, df = 1, 
23, P = 0.0007). Treatment effects were not detected for 
Mg concentrations in onion leaf tissue during the first 
growing season, but Mg was ≥ 1.2-fold more abundant 
in the compost + fertilizer treatment than in the con-
trol during the second growing season (Table  5), and 

factorial analysis indicated a positive compost effect 
(F = 22.58, df = 1, 23, P = 0.0051).

Onion leaf micronutrient concentrations
Although Na was ≥ 1.3-fold more concentrated in the 
control than in the treatments during the first growing 
season, the compost + fertilizer treatment had 1.5-fold 
more than the compost treatment in the second growing 
season, and the compost treatment had ≥ 1.3-fold more 
than the fertilizer treatment and the control (Table  6). 
Factorial analysis detected a negative compost effect 
(F ≥ 8.05, df = 1, 23, P ≤ 0.0364) and a positive fertilizer 
effect (F ≥ 10.42, df = 1, 23, P ≤ 0.0232) during the two 
growing seasons, and during the second growing season 
a compost × fertilizer interaction (F = 14.14, df = 1, 23, 
P = 0.0132) was also found. While Zn was not affected by 
treatments in the first growing season, 1.2-fold more was 
found in leaves from the fertilizer treatment than from 
the other treatments and the control (Table 6), and facto-
rial analysis showed a positive compost effect (F = 53.33, 
df = 1, 23, P = 0.0008) and a compost × fertilizer inter-
action (F = 20.83, df = 1, 23, P = 0.0060). Fe was 2.5-fold 
more concentrated in leaf tissues of the control than of 
the fertilizer treatment, which had ≥ 1.5-fold more than 
in the compost and the compost-fertilizer treatments 
during the first growing season (Table  6). During the 
second season, concentration of Fe was ≥ twofold higher 
in the control than in any of the treatments (Table  6). 
Factorial analysis detected a negative compost effect 
(F ≥ 6.90, df = 1, 23, P ≤ 0.0467) and a compost × fertilizer 

Table 5 Mean (± SE) concentrations of selected plant macronutrients in onion leaves grown from soil amended with conventional 
fertilizer, compost, and compost + fertilizer during two growing seasons, Hidalgo County, Texas, 2009–2011 (n = 6 replications)

Means in the same column and within the same sampling date followed by different letters are different (P < 0.05), Tukey’s HSD
a C + F, compost + fertilizer
b df = 3, 23
c 25 Feb 2010 and 3 Mar 2011

Treatment Datec %N P (ppm) K (ppm) Ca (ppm) Mg (ppm)

Control Feb 2010 2.4 ± 0.2b 6,951 ±  227a 33,322 ± 1,459 14,618 ± 562a 2,172 ± 69

Fertilizer 3.0 ± 0.2a 4,769 ±  320b 29,479 ± 1,713 12,576 ± 585b 2,212 ± 43

Compost 3.0 ± 0.2a 5,512 ±  442ab 31,175 ± 646 12,566 ± 370b 2,141 ± 66

C +  Fa 3.3 ± 0.1a 4,859 ±  406b 30,818 ± 750 12,545 ± 356b 2,142 ± 65

Fb 4.62 7.87 2.38 4.77 0.27

P 0.0193 0.0022 0.1105 0.0157 0.8469

Control Mar 2011 1.8 ± 0.1b 5,606 ± 127c 25,430 ± 4,609b 15,096 ±  402a 2,236 ±  44b

Fertilizer 2.4 ± 0.1a 7,195 ±  106a 33,128 ± 1,431ab 12,534 ±  192b 2,362 ±  60ab

Compost 2.4 ± 0.1a 6,868 ±  252a 33,584 ± 1,277a 12,909 ±  454b 2,415 ±  75ab

C +  Fa 2.4 ± 0.1a 6,060 ±  257a 34,135 ±  496a 14,843 ±  390a 2,580 ±  44a

Fb 26.26 10.37 3.33 11.28 6.71

P  < 0.0001 0.0006 0.0481 0.0004 0.0043
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interaction (F ≥ 9.54, df = 1, 23, P ≤ 0.0272) during each 
growing season. No treatment differences in levels of 
Cu were found during the first growing season, despite 
a negative factorial compost effect (F = 8.27, df = 1, 23, 
P = 0.0348), but in the second season, Cu was ≥ 1.3-
fold more concentrated in the leaf tissue in the com-
post treatment than in the other treatments and the 
control (Table 6), reflected by a negative fertilizer effect 
(F = 31.95, df = 1, 23, P = 0.0024) and a compost × ferti-
lizer interaction (F = 7.06, df = 1, 23, P = 0.0450). Mn was 
1.5-fold more concentrated in leaf tissue from the con-
trol than in the two compost-amended treatments dur-
ing the first growing season, and in the second season 
Mn was ≥ 1.2-fold more abundant in the compost + fer-
tilizer treatment than in any of the other treatments and 
the control (Table  6); factorial analysis showed a nega-
tive compost effect for both seasons (F ≥ 15.21, df = 1, 23, 
P ≤ 0.0114).

Thrips infestations
Early in each growing season (December), no onion 
thrips and thrips feeding scars were found on leaves, but 
nearing harvest (April), all of the leaves were scarred and 
thrips populations were not affected by treatments (the 
pooled average over both growing seasons was 10.4 ± 1.6 
thrips per leaf ). Late during the first growing season, ≥ 
1.4-fold more green leaves per plant were found in the 
treatment plots (9.3 ± 0.1) than in the control (6.7 ± 0.1) 
(F = 220.08, df = 3, 23, P < 0.0001), but no treatment dif-
ferences were detected in the second growing season 
(8.9 ± 0.6). Numbers of dry leaves were not affected by 

treatments in either year (200, 2.7 ± 0.1; 2011, 4.0 ± 2.5). 
Incidence of bulbs with rot was low (< 0.3%) regardless of 
the treatment.

Onion bulb harvest measurements
During the first growing season, numbers of small (cull) 
onions at harvest were ≥ 2.8-fold more abundant in the 
control than in any of the treatments (F = 66.50, df = 3, 
23, P < 0.0001) (Fig.  1A), and factorial analysis showed 
that numbers of culls were negatively affected by com-
post (F = 81.12, df = 1, 23, P = 0.0003) and fertilizer 
(F = 23.69, df = 1, 23, P = 0.0046), and a compost × fer-
tilizer interaction was detected (F = 32.47, df = 1, 23, 
P = 0.0023). Culls were ≥ twofold more numerous in 
the fertilizer treatment and in the control during the 
second growing season than in treatments that received 
compost (F = 23.30, df = 3, 23, P < 0.0001) (Fig.  1B), and 
factorial analysis detected a compost effect (F = 134.70, 
df = 1, 23, P < 0.0001). Medium-diameter onions in the 
first growing season were 1.6-fold more abundant in the 
fertilizer treatment than in the two compost-amended 
treatments, which were ≥2.2-fold more abundant than 
in the control (F = 19.05, df = 3, 23, P < 0.0001) (Fig. 1A), 
and during the second season the fertilizer treatment 
had ≥1.7-fold more than in the other treatments and 
the control (F = 22.02, df = 3, 23, P < 0.0001) (Fig.  1B). 
Although factorial analysis detected a positive compost 
effect in the first growing season (F = 18.49, df = 1, 23, 
P = 0.0077), compost had a negative effect on medium-
diameter onions in the second season (F = 38.57, df = 1, 
23, P = 0.0016). A positive fertilizer effect was detected 

Table 6 Mean (± SE) concentrations of selected plant micronutrients in onion leaves grown from soil amended with conventional 
fertilizer, compost, and compost + fertilizer during two growing seasons, Hidalgo County, Texas, 2009–2011 (n = 6 replications)

Means in the same column and within the same sampling date followed by different letters are different (P < 0.05), Tukey’s HSD
a C + F, compost + fertilizer
b df = 3, 23
c 25 Feb 2010 and 3 Mar 2011

Treatment Datec Na (ppm) Zn (ppm) Fe (ppm) Cu (ppm) Mn (ppm)

Control Feb 2010 2,091 ±  132a 20 ± 1 565 ±  186a 12 ± 2 101 ±  7a

Fertilizer 1,618 ±  170b 22 ± 2 224 ±  43b 11 ± 2 88 ±  12ab

Compost 1,528 ±  52b 20 ± 1 146 ±  21c 9 ± 1 68 ±  9b

C +  Fa 1,654 ±  85b 20 ± 1 134 ±  17c 8 ± 1 68 ±  6b

Fb 5.78 0.96 4.62 1.79 3.42

P 0.0078 0.4374 0.0177 0.1915 0.0446

Control Mar 2011 1,444 ±  58c 17 ±  1c 204 ±  40a 9 ±  1a 47 ±  2b

Fertilizer 1,519 ±  95c 25 ±  1a 61 ±  4b 10 ±  1a 42 ±  3b

Compost 1,958 ±  77b 21 ±  1b 71 ±  4b 7 ±  1b 43 ±  3b

C +  Fa 2,963 ±  112a 19 ±  1bc 101 ±  11b 9 ±  1a 57 ±  2a

Fb 43.93 16.65 10.06 12.90 10.12

P  < 0.0001  < 0.0001 0.0007 0.0002 0.0007
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for numbers of medium-diameter onions in both grow-
ing seasons (2010, F = 19.67, df = 1, 23, P = 0.0068; 2011, 
F = 68.67, df = 1, 23, P = 0.0004), and a compost × fer-
tilizer interaction was detected in the second growing 
season (F = 15.56, df = 1, 23, P = 0.0109). Large-diameter 
onions were 1.9-fold more numerous in the two treat-
ments with fertilizer than in the compost treatment, 
which had 43.3-fold more large onions than the control 
during the first growing season (Fig.  1A), and facto-
rial analysis showed that there were positive compost 
(F = 206.02, df = 1, 23, P < 0.0001) and fertilizer (F = 8.26, 
df = 1, 23, P = 0.0342) effects and a compost × fertilizer 
interaction (F = 35.77, df = 1, 23, P = 0.0019). During the 
second growing season, there were ≥3.4-fold more large 
onions in the two treatments that had been augmented 
with compost than in the fertilizer treatment and the 
control (F = 9.70, df = 1, 23, P = 0.0008), confirmed by 
detection of a factorial analysis compost effect (F = 31.76, 
df = 1, 23, P = 0.0024) (Fig.  1B). Colossal onions were 

≥2.5-fold more abundant during the first growing season 
in plots where fertilizer had been applied compared with 
the compost treatment, and the control produced no 
colossal onions (F = 42.01, df = 3, 23, P < 0.0001) (Fig. 1A), 
and factorial analysis detected compost (F = 126.53, 
df = 1, 23, P = 0.0001) and a compost × fertilizer interac-
tion (F = 18.01, df = 1, 23, P = 0.0081). Numbers of mar-
ketable (medium, large, and colossal bulbs) during the 
first growing season were ≥ 1.7-fold more abundant in 
the treatments that received fertilizer than in the com-
post treatment, and the compost treatment produced 3.9-
fold more marketable bulbs than the control (F = 100.09, 
df = 3, 23, P < 0.0001) (Fig.  1A), and factorial analysis 
detected compost (F = 47.63, df = 3, 23, P < 0.0001) and 
fertilizer (F = 153.29, df = 1, 23, P < 0.0001) effects. In 
2011, marketable onions were ≥ 1.9-fold more numerous 
in the treatments than in the control (F = 7.79, df = 3, 23, 
P = 0.0023) (Fig. 1B).

Weight of discarded cull bulbs during the first grow-
ing season was highest in the control, moderate in 
the compost treatment, and lowest in the two treat-
ments with fertilizer (F = 43,60, df = 3, 23, P < 0.0001) 
(Fig. 2A), but during the second growing season loss in 
kg to culls was highest in the fertilizer treatment and 
the control and lowest in plots amended with com-
post (F = 13.62, df = 3, 23, P = 0.0001) (Fig. 2B). Facto-
rial analysis detected a negative compost effect on kg 
culls during both growing seasons (F ≥ 43.60, df = 1, 
23, P < 0.0001). The fertilizer treatment producede ≥ 
than the control during each both seasons (Fig.  2A, 
B). Factorial analysis showed a positive compost effect 
on weight of medium bulbs in the first growing season 
(F = 57.42, df = 1, 23, P = 0.0006), but the effect was 
negative in the following season (F = 14.64, df = 1, 23, 
P = 0.0123). A positive fertilizer effect was detected for 
weights of medium-diameter bulbs in both years (F ≥ 
39.85, df = 1, 23, P ≤ 0.0015). Large bulb production 
by weight was ≥ twofold greater in the two treatments 
that received fertilizer than in the compost treatment, 
and that treatment was 56.5-fold greater than the con-
trol (F = 78.76, df = 3, 23, P < 0.0001) (Fig.  2A) during 
the first growing season, and during the second, total 
large bulbs were 4.1-fold heavier in the compost + fer-
tilizer treatment than in the fertilizer treatment, the 
compost treatment was intermediate between the two 
but 7.9-fold greater than the control (F = 6.53, df = 3, 
23, P = 0.0048) (Fig.  2B). Factorial analysis indicated 
a positive compost effect on weights of large bulbs in 
both growing seasons (F ≥ 13.48, df = 1, 23, P = 0.0144) 
and a compost × fertilizer interaction in the first sea-
son (F = 28.81, df = 1, 23, P = 0.0030). The first-season 
fertilizer treatment yielded a 1.4-fold greater weight of 
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Fig. 1 Mean (± SE) numbers of small culled (< 5.1 cm diam), 
medium (5.1–7.6 cm diam), large (7.61–10.2 diam), colossal 
(> 10.2 cm diam), and total marketable (medium + large + colossal) 
onion harvested in plots receiving conventional fertilizer, compost, 
compost + conventional fertilizer, and no fertilizer or compost 
(control) at harvest in A) 2010 and B) 2011; lower-case letters indicate 
treatment differences (P < 0.05) within each size category (n = 6 
replicates, two-way ANOVA, Tukey’s HSD)
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colossal onions than the compost + fertilizer treatment, 
which a produced a 2.5-fold heavier crop of colossal 
inions than the compost treatment (F = 49.94, df = 3, 
23, P < 0.0001), and no colossal onions were produced 
in the control (Fig. 2A). Weight of colossal onions dur-
ing the second season, however, was ≥ 15.2-fold greater 
in the treatments with compost amendment than in the 
fertilizer treatment and the control (F = 4.13, df = 3, 23, 
P = 0.0326) (Fig. 2B). Factorial analysis detected a posi-
tive compost effect on colossal onions in both growing 
seasons (F ≥ 7.03, df = 1, 23, P ≤ 0.0461) and a positive 
fertilizer effect in the first season (F = 29.89, df = 1, 23, 
P = 0.0028). The weight of marketable onions in the 
treatments with fertilizer from the first growing season 
was twice than that of the compost treatment, and the 
compost treatment was 8.9-fold greater than the con-
trol (F = 151.49, df = 3, 23, P < 0.0001) (Fig. 2A). In the 

second growing season, the treatments produced ≥ 
2.7-fold heavier yields of marketable onions than the 
control (F = 4.57, df = 3, 23, P = 0.0182) (Fig.  2B). Dif-
ferences in percentage moisture and pyruvic acid con-
centration of first- and second-season bulbs were not 
detected between the treatments (Table 7).

Discussion
Compost amended soils can have improved organic mat-
ter content, pH, and exchangeable K, Mg, Ca, Na, Fe, Zn, 
Cu, and other plant nutrients (Ouédraogo et  al. 2001; 
Lee et al. 2012, 2018; Muktamar et al. 2018; Erana et al. 
2019; Setyowati et  al. 2021). Much of the nutritional 
enhancement of soil is attributable to increased micro-
bial biomass and its action on releasing nutrients from 
the organic amendments (Vidali 2001; Suresh et al. 2004; 
Shaheen et  al. 2007; Lee et  al. 2018). The shallow (top 
30 cm of soil) and sparsely branched onion root system, 
which makes the crop particularly susceptible to nutrient 
deficiencies, requires good fertilizer placement in the soil 
to produce a marketable crop (Greenwood et  al. 1982; 
Brewster 1994, 2008). Heightened microbial activity in 
the onion rhizosphere, which facilitates nutrient release 
and root uptake, can help to mitigate problems with 
nutrient deficiencies (Vidali 2001).

The observed reduction of soil pH in treatments 
amended with compost was consistent with reports on 
the pH-stabilizing effects of other composts (Stama-
tiadis et  al. 1999; Goyal et  al. 2005; Erana et  al. 2019), 
and it is likely that chemical changes in the soil brought 
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Fig. 2 Mean (± SE) weights of small culled (< 5.1 cm diam), medium 
(5.1–7.6 cm diam), large (7.61–10.2 diam), colossal (> 10.2 cm 
diam), and total marketable (medium + large + colossal) onion 
harvested in plots receiving conventional fertilizer, compost, 
compost + conventional fertilizer, and no fertilizer or compost 
(control) at harvest in A) 2010 and B) 2011; lower-case letters indicate 
treatment differences (P < 0.05) within each size category (n = 6 
replicates, two-way ANOVA, Tukey’s HSD)

Table 7 Mean (± SE) quality parameters for large diameter 
onion bulbs at harvest, May 2010 and 2011, Hidalgo County, 
Texas

a Quality parameters for the control are not shown because the control plots did 
not yield enough large-diameter bulbs for the statistical analyses
b C + F, compost + fertilizer
c df = 2, 17
d Each sample was comprised of a quarter of a bulb from each of 10 onions 
blended together

Treatmenta Year % moisture Pyruvic acid 
(μmole/ml)d

% brix

Fertilizer 2010 94.8 ± 0.2 3.9 ± 0.2 6.1 ± 0.2

Compost 95.2 ± 0.2 4.0 ± 0.2 6.1 ± 0.1

C +  Fb 95.5 ± 0.3 4.1 ± 0.2 6.0 ± 0.2

Fc 2.37 0.35 0.24

P 0.1437 0.7120 0.7932

Fertilizer 2011 94.5 ± 0.1 5.0 ± 0.3 4.8 ± 0.2

Compost 94.8 ± 0.3 5.1 ± 0.1 4.8 ± 0.1

C +  Fb 94.6 ± 0.2 5.0 ± 0.2 4.8 ± 0.1

Fc 2.40 0.20 0.09

P 0.1530 0.8201 0.9159
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about by plant and microbial activity in the onion rhizo-
sphere affected pH. The decline in pH that accompanied 
soil amendment using compost likely resulted from the 
addition of hydrogen that is commonly associated with 
decomposition of organic matter and cation exchange 
(Baath et  al. 1995; Bots and Benites 2005). Soil nitrate 
concentration was the most affected by nitrogen ferti-
lizer application, although compost also caused changes, 
albeit to a lesser extent. Slow release of N from organic 
sources can result in N deficiencies in crops (Pang and 
Letey 2000), which might explain the lower levels of some 
nutrients in the leaves in our compost plots. Gaskell and 
Smith (2007) found that N availability from compost to 
the succeeding crop was variable. Rizk et al. (2014) sug-
gested that the relatively gradual release of nutrients can 
be advantageous because they are less likely to be wasted 
through leaching, while ameliorating soil structure. Some 
researchers have also reported that compost augments N 
(Tejada and Gonzalez 2007; Hepperly et  al. 2009; Diac-
ono and Montemurro, 2010). Babajide et al. (2008) indi-
cated that N, P, and K uptake was better where organic 
fertilizers were used compared to nonamended soils. 
Organic matter is associatated with release of mineral-
ized nutrients for plant uptake (Shaheen et al. 2007; Pau-
lin and O’Malley 2008; Guimaraes et  al. 2013; Shedeed 
et al. 2014). Our compost increased levels of P, K, Zn, and 
occasionally other elements, while fertilizer had a minor 
influence on those elements in comparison. The gener-
ally heightened soil concentrations of macronutrients 
P and K in the compost treatment were not associated 
with heavier onion bulbs particularly during each grow-
ing season. This suggests that the nitrates supplied by the 
conventional fertilizer, which in the first growing season 
was associated with greater weights and numbers of mar-
ketable bulbs, were more available for plant uptake and 
utilization than in the compost treated plots. By the sec-
ond growing season, numbers and weights of onion bulbs 
were more uniform than in the first season, a possible 
result of the compost applied in the first growing season 
releasing nitrates more slowly than conventional ferti-
lizer, affecting the crop by the second growing season. 
Treatments did consistently affect soil concentrations of 
Ca, Mg, and S, but those three nutrients were not asso-
ciated with differences in onion yield parameters. None 
of the soil micronutrients measured were associated with 
differences in marketable onion bulb abundances and 
weights. While compost does not necessarily affect soil 
electrical conductivity and concentrations of P and Mn 
(Erana et al. 2019), organic fertilizers release N at differ-
ent rates; for example, 40% of total N in soil composted 
with chicken manure was available in the first year, with 
the remainder available in subsequent years at 6–12% per 
year (Whitmore 2007). For onion growing, more organic 

fertilizer is likely required compared to conventional 
fertilizers presumably because nutrients from organic 
fertilizers are less available due to relatively slow miner-
alization rates (Boyhan and Hill 2008).

Despite lower concentrations of soil N in the com-
post-only treatment than where fertilizer was applied, 
the onion plants accumulated N to the same extent as 
in the treatments that included fertilizer, permitting the 
same degree of leaf growth as plots enriched with ferti-
lizer. Concentrations of other elements in leaf tissue did 
not consistently reflect soil concentrations, suggesting 
that biological processes, possibly stresses from differ-
ences in soil nutrition and soil water retention, resulted 
in changes to plant chemistry (Showler 2002; Reay-Jones 
et al. 2005; Showler et al. 2007; Showler and Castro 2010). 
Soil-incorporated composts are known to improve water 
retention of soils (Liebig and Doran 1999; McLaughlin 
and Kszos 2005; Triberti et al. 2008; Rizk et al. 2014; Lee 
et al. 2018; Erana et al. 2019), which could have had a role 
in accumulations of nutrients in the leaves.

Leaf nutritional quality, particularly regarding N, in 
some host crops can affect oviposition preference and 
injury by insect pests (Mattson and Haack 1987; Reay-
Jones et  al. 2005; Showler and Castro 2010; Showler 
2012). This relationship, however, was not observed for 
onion thrips populations and the amount of associated 
leaf scarring. Our results indicate that the differences 
in soil and onion leaf nutrients did not influence thrips 
populations and the amount of leaf scarring, nor did they 
influence percentage bulb moisture and concentrations 
of pyruvic acid.

Despite composting onions with a variety of organic 
materials (i.e., animal manure, food waste, straw, and 
yard waste), some researchers reported that bulb produc-
tion did not increase (Warman 2005; Rathod et al. 2009). 
Sheep and poultry dung incorporated into field plots was 
also ineffective, but covering the composted plots with 
black plastic was comparable to conventional fertilizer for 
increasing plant height, leaf number, pseudo-stem length 
and weight, and bulb diameter and pungency (Assi and 
Abu-Rayyan 2007). On the other hand, 48-d-old onion 
seedlings transplanted into plots where soil was amended 
with up to 160 kg/ha N or amended with up to 20 t/ha 
of composted livestock manure yielded ≈43% more than 
nonfertilized, or noncompost-augmented, control plots 
after 5 mo (Dixit 1997).

Although onion densities at the seedling stage in our 
study were not different between treatments in both 
growing seasons, treatment effects detected later in each 
of the two growing seasons were related to the size the 
bulbs attained. Numbers of culls in both growing sea-
sons, and medium bulbs in the first season, in each treat-
ment were inversely associated with the numbers of 
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larger-diameter onions; hence, the control yielded rela-
tively few marketable bulbs, their weight and economic 
value were lower than in any of the treatments. Although 
the fertilizer treatment produced more medium-diam-
eter bulbs than the other treatments, large and colossal 
sizes were harvested in greater abundances in the com-
post-amended treatments during the second growing 
season relative to the first growing season. This change 
in terms of treatment effects on bulb diameter from the 
first to the second growing season might have been a 
result of organic matter’s amelioration of soil compac-
tion, allowing onion bulbs to increase in diameter with 
less resistance from the enveloping soil. Zaharah et  al. 
(1994) reported that increased onion yield in soils with 
increasing amounts of organic fertilizer was mainly due 
to bulb size. Soil fertility is not necessarily the main fac-
tor for optimum marketable onion yield (Mogren et  al. 
2009; Lee 2010; Yoldas et  al. 2011; Saviello et  al. 2013), 
suggesting that soil structure amenable to water retention 
and sufficient porosity to allow for bulb expansion play 
important roles. Soil-incorporated compost is known to 
improve soil structure (Ouédraogo et al. 2001; McLaugh-
lin and Kszos 2005; Dauda et al. 2008; Triberti et al. 2008; 
Ahmed et al. 2013; Rizk et al. 2014; Islam et al. 2017; Lee 
et al. 2018).

Our findings show that, in terms of numbers and 
weights of marketable bulbs, fertilizer was superior to 
compost owing to greater nutrient availability in the 
rhizosphere (although the compost strongly increased 
concentrations of some nutrients), but in the second 
growing season compost was at least as effective as fer-
tilizer. Because onions are sold by weight, it appears 
that fertilizer was essential to heightening yield in the 
first growing season where compost was applied, but 
with more growing seasons, we suggest that continued 
decomposition of the organic matter releases nutrients 
and reduces soil compaction, consequently improving 
onion yield. Another study demonstrated higher onion 
yields (bulb weight and percentage of marketable bulbs) 
after 3 yr where leaf litter was incorporated into the soil 
and augmented with conventional 10–10-10  N-P-K fer-
tilizer, indicating that the leaf litter had to first compost 
and break down in the soil before improving production 
(Maynard and Hill 2000a, b). Because the treatments did 
not affect biochemical quality factors, the chief advan-
tage of amending the soil with fertilizer and compost 
was to decrease culls while increasing marketable bulbs. 
It is likely that the degree of benefit obtained from our 
compost depends on the application rate and the consti-
tution and condition of the soil. Fertilizer, on the other 
hand, was associated with high marketable yield regard-
less of whether the soil was made less compacted by 
the addition of organic matter. While compost had a 

positive influence on marketable onion bulb yield, it did 
not improve upon the fertilizer. Another study showed 
that composted Glyricidia green biomass and poultry 
manure (1:1 w/w) resulted in high levels of N, P, K, and 
S that, when augmented with 125  kg/ha N equivalent 
in urea, produced elevated yields of large and medium 
grade bulbs compared with conventionally fertilized soil 
(Krishnamurthy 2005). In our study, we determined that 
the compost enriched the soil with nutrients and reduced 
compaction, influencing plant growth and bulb yield 
across two growing seasons.

Compost and other sources of organic matter added 
to soil has been reported to increase onion bulb shoot 
weights, leaf numbers and lengths, and bulb weights 
and girths (Akoun 2004; Shaheen et al. 2007; Dina et al. 
2010; Yoldas et al. 2011; Lee 2012; Lee et al. 2012, 2018; 
Assefa et  al. 2015; Lema and Debrassa 2013; Yohannes 
et al. 2013; Rizk et al. 2014; Bua et al. 2017; Abou-El-Has-
san et al. 2018; Ali et al. 2018; Erana et al. 2019; Petrovic 
et al. 2019). Some researchers found that organic manure 
improved onion nutrient uptake and and yields com-
pared to conventional chemical fertilizers (Sharma et al. 
2003; Shaheen et al. 2007; Yoldas et al. 2011). Asgele et al. 
(2018) indicated that vermicompost not only improved 
onion yield, it also speeded maturation.

Despite the positive effects of our compost on onions, 
different organic fertilizers can have variable quality and 
have different effects on crop productivity (Roe 1998; 
Gaskell and Smith 2007; Lee et al. 2018). Lee et al. (2018), 
for example, reported that composted cattle manure-
fertilized onion bulb yield was 21.8% lower than in con-
ventional systems but this result was not consistent. The 
array of different kinds of composted organic matter can 
supply widely differing amounts of nutrients and have 
varying rates of mineralization (Lee et al. 2012). In some 
instances, composted materials had no effect on pH, 
electrical conductivity, organic matter, and exchangeable 
cations (Lee et al. 2012), and some organic amendments, 
such as chicken litter, did not improve onion production 
(Boyhan et  al. 2010). Further, excessive compost aug-
mentation can negatively affect onion bulb yield (Boyhan 
et al. 2010; Vidigal et al. 2010; Lee 2012), and long-term 
manure application sometimes results in excessive P and 
K accumulations (Bary et al. 2000). Lee (2012), however, 
found that excessive applications of composted cattle 
manure did not detract from onion yields, and excessive 
amounts of pig manure resulted in onion yields that lev-
eled off but were not detrimentally affected (Lee et  al. 
2012).

Use of organic manures can reduce the amount of 
conventional N-P-K fertilizers needed for onions (Sel-
vakumari et  al. (2001). Jayathilake et  al. (2002) reported 
that integration of organic amendments with inorganic 
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fertilizers resulted in better onion yields than inorganic 
fertilizers alone. Some researchers have suggested that 
onion production might be optimized by using selective 
combinations of organic and inorganic fertilizers (Seran 
et  al. 2010). Because of the wide range of composted 
materials and other factors that can affect onion produc-
tion, further research should be conducted to determine 
the best kinds of composts, as well as optimal combina-
tions of organic and inorganic fertilizers.
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