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ABSTRACT 
 
To assess the biostimulation effect of compost tea prepared from garlic and wheat 
plant residues, the growth and fruit quality of cucumber was evaluated post 
treatment of foliar application. The compost tea was prepared incorporating 
various proportions of garlic and wheat plant resides as: 2:1 (G2W1), 1:1(G1W1) 
and 1:2(G1W2). A total of five treatments (proportionately prepared compost tea, 
spraying with ground water and no spraying), were applied once in four days 
interval when cucumber grew to two leaves stage. The subordinate function was 
used to comprehensively evaluate the fruit quality. Fruit physiological 
assessments such as soluble sugar, vitamin C content and nitrite content etc, as 
well as, plant morphological indices revealed that G2W1 treatment have 
biostimulation effect on cucumber growth. Our findings provide basis for 
understanding the bioactivity of compost tea on cucumber growth and could be 
useful to consider for preparations based on garlic and wheat plant residual parts 
in specialized horticultural practices, particularly, for the vegetable production 
under plastic tunnel systems.   
 
Keywords: Cucumber, foliar fertilizers, compost tea, subordinate function, fruit 
quality. 

 
 
INTRODUCTION 
 
With the modernization of agricultural practices, the 
understanding and utilization of synthetic chemicals have 
brought enormous rise in agriculture produce during the 
past decades. Crop yields will be cut by 50% without 
conventional fertilizers (Zhao et al., 2004). However, the 
overuse of such chemicals has as well posed considerable 
environmental and consequently health damage, such as 
eutrophication of rivers and lakes, nitrate pollution of 
agricultural products (Zhao, 2004). To avoid such threats, 
there is a dire need to utilize produce of organic origin 
which may have less or no hazardous consequences (Zhao 
et al., 2008). Recently, scientific community has been 
working to explore various beneficial botanicals and bio-
fertilizers incorporated from different biological origins so 
as   to   study   their   biostimulation   upon   receiving  crops 

growth and development.  
Furthermore, many researchers have confirmed plant to 

plant interactions such as allelopathy to overcome 
environmental constrains (Ding et al., 2016; Liu et al., 
2014). Nonetheless, many studies also elaborate compost 
and compost based extracts or compost tea, as an efficient 
method to enhance biological activities and growth of 
various crops (Gavilanes-Terán et al., 2017; Pane et al., 
2016). Compost tea, often referred to as compost extract, is 
one of the primary organic nutrient fertilizer produced 
from mixing of mature composts with water for a certain 
period of time. Positive results in crop yield and plant 
growth regulations after compost tea foliar application 
have been reported earlier and are believed to be due to the 
direct absorption  by  crops  which  in  turn  might   regulate 
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metabolism and growth of receiver plant as well as, due to 
the provision of beneficial organic nutrients available in the 
compost extracts (Kim et al., 2015; Pane et al., 2016). 

Although, commercially available nutrients fertilizers 
have resulted in considerable agricultural production, the 
cost of these fertilizers however, make it difficult for 
common farmers’ community to facilitate their crop 
production practices. On the other hand, compost tea is cost 
effective and handy practice with low hazardous effects and 
thus, could be a better solution for the farmers compared to 
the commercial fertilizers. Moreover, the composition of 
compost tea elaborates an efficient biochemical entity 
which is readily water-soluble and contains nutrients, 
metabolites of anaerobic micro-organisms, physiologically 
active substances and could be easily absorbed through leaf 
spraying and thereof efficiently utilized. It has been 
reported that leaves can normally absorb about 80% of 
nutrients 24 h after foliar application and therefore, can 
satisfy the nutrient demand of the crops promptly (Haga, 
1998; Harada, 1994). Besides, in some scenarios, foliar 
application has been more promising as compared to soil 
fertigation as it not only ensures nutritional boost to the 
receiver plants but also result in environmental safety 
(Garg et al., 2005; Gooding and Davies, 1992; Marín et al., 
2013). Previously, compost tea foliar application has been 
reported to enhance pollination rate, grain number and 
grain yield in wheat crop (Gupta et al., 2002). 

Application of compost tea could be an efficient and 
environment friendly practice but to date, most of the 
studies include compost tea of animal manures (Xu et al., 
2010) and only few reports are available on the compost 
tea prepared from other materials such as bluegrass, maize 
straw and rape straw etc, however, these experimentations 
are only limited to seedlings stages of the test crops (Qiu et 
al., 2009) and it is therefore imperative to explore the 
effectiveness of such composts on the whole cropping 
duration of the test crops so as to observe deeper 
understanding. Moreover, compost tea preparation from 
plant materials not only could be a useful nutritional 
utilization but also, would presumably be a better way to 
dispose of the waste biological by-products of these crops 
and furthermore reduce environmental pollution (Keeling 
et al., 2003; Jusoh et al., 2013). 

Garlic plant residues have been earlier reported to be 
efficient towards the receiver crops through manipulation 
of soil biological and physicochemical properties (Han et al., 
2012). Thus, we assume that a compost tea of garlic plant 
residual origin might also be of vital function towards crop 
productivity. In previous studies conducted in our 
laboratory, satisfactory results were observed from 
compost tea prepared from garlic or wheat plant residues 
as a single entity, however, the combined effects still need 
to be tested and understood which might possibly be more 
pronounced with additives such as EM (Effective micro-
organisms), for example, bacteria (Jusoh et al.,  2013). 

 
 

 
Keeping in view the handy preparation, environmental 

safety and efficient outcomes, there is room to explore and 
understand the biostimulation capacity of compost tea 
proportionately prepared from garlic and wheat residues 
so as to provide the basis for preparations of organic 
fertilizer that could be of significance for crops grown in 
specialized horticultural situations such as plastic tunnel 
farming system and particularly, for cucumber soilless 
cultivation. 
 
 
MATERIALS AND METHODS 
 
Production of compost tea 
 
The plant residue of garlic and wheat were collected after 
their harvest, air dried and 3 to 5 cm long pieces were made 
and thereafter mixed in different proportions for 
fermentation. Three proportions of the treatments were set 
in this experiment, of which the ratios of garlic plant 
residue (G) to wheat plant residue (W) was 2:1(G2W1), 
1:1(G1W1), and 1:2 (G1W2). The weight of plant material 
mixture was 600 g and placed in cloth bags. The cloth bags 
were placed in plastic boxes and drenched by EM liquid 
dilution till the moisture content reached 60%. The 
composting process was carried out under anaerobic 
conditions for 4 weeks. After composting, the cloth bags 
with experimental materials were transferred to three 20 L 
buckets, respectively and 0 L of water added to the buckets. 
Thereafter, the composts were continuously aerated using 
aquarium pumps with outputs of 60 L·min-1 for 3 days. The 
compost tea was stored in the buckets and placed in cool 
and dry place for further use. 
 
 
Cucumber growth conditions and field experiment 
design 
 
The field experiment was carried out under plastic tunnel 
in Horticultural Experimental Station (34°17' N, 108°04' E) 
in Northwest A and F University, Yangling, Shaanxi, China, 
in March, 2016. Seeds of cucumber (Cucumis sativus cv. 
Zhongnong No. 29) were sown in pots with perlite after 
soaking and pre-germination. After the cotyledons 
unearthed, Hoagland (formulae: CaNO3·4H2O, 945 mg L−1; 
KNO3, 607 mg L−1; NH4H2PO4, 115 mg L−1; MgSO4·7H2O, 493 
mg L−1; Na2Fe·EDTA, 20 mg L-1; H3BO3, 2.86 mg L-1; 
MnSO4·4H2O, 2.13 mg L-1; ZnSO4·7H2O, 0.22 mg L-1; 
CuSO4·7H2O, 0.08 mg L-1 and (NH4)6Mo7O24, 0.02 mg L-1) 
nutrient solution was applied.  

Five treatments were set in the field experiment, 
including spraying three compost tea treatments spraying 
G2W1, G1W1 and G1W2 compost tea, and two control 
spraying groundwater (CK1) and (CK2). The control of 
spraying groundwater was aimed to eliminate the effects of  
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groundwater used for production of compost tea. The pots 
were arranged in a Randomized Block Design (RBD) with 
three replicates for each treatment. Six plants were used for 
each treatment in one replication. When the cucumber 
grew to two true leaves, five treatments were conducted 
once every four days.  
 
 
Plant growth measurements 
 
Plant height and stem diameter were measured at the time 
of 12 and 52 days after treatments. Leaf area was measured 
by paper weighting method.  
 
 
Measurement of chlorophyll content in leaves and root 
activity 
 

Leaf samples were obtained randomly from the middle-
upper part of cucumber plant at 10:00 am on each sampling 
date. Sampled leaves were cut into small pieces (excluding 
thick veins, about 2 × 2 mm) after washing by distilled 
water and drying by tissue paper, respectively. 0.1 g of leaf 
samples were placed in 20 ml ethanol acetone agent (1: 2, 
v/v) for 48 h at room temperature, the chlorophyll a and 
chlorophyll b contents were determined by UV-Vis 
spectrophotometry (UV-3802, UNICO, MDN, USA) at 663 
and 645 nm, respectively, and calculated according to the 
formula of Wellburn (1994). 

Young roots were collected from three individual plants 
and used for root viability assays. 0.5 g of fresh root 
samples taken from the plants treated were placed under 
dark conditions for 15 days at 37°C for 4 h after being 
treated with 10 ml of a 0.1 mol·L-1 phosphate buffer (pH 
7.5) solution which contained 0.4% TTC (Triphenyl-
tetrazolium chloride). Afterwards, root samples were 
ground in 95% ethanol after adding 2 ml 1 mol·L-1 H2SO4 to 
cease the reaction. The extract was measured at 485 nm 
using UV-Vis spectrophotometry. 
 
 

Measurement of fruit quality parameters  
 

The fruit reducing sugar, soluble sugar, soluble protein, 
Vitamin C and nitrate contents were determined by 3,5-
dinitrosalicylic acid, anthrone colorimetry, coomassie 
brilliant blue G-250 staining, molybdenum blue 
colorimetric and salicylic acid-sulfuric acid method (Gao, 
2006), respectively. The nitrite content was determined 
using the method of naphthalene ethylene diamine 
hydrochloride spectrophotometry. 
 

 
Evaluation of fruit quality of cucumber 
 

A  comprehensive  evaluation  on  fruit  quality  of  different 

 
 
 
treatments was given by subordinate function (Li et al., 
2009). According to our measurement indicators, the 
subordinate function value of nutritional quality and 
sanitary quality were calculated as Equations (1) and (2), 
respectively and the average subordinate function value 
was used for the evaluation: 
 
X(μ) = (X - X min) / (X max - X min)                                (1) 
 
X(μ) = 1 - (X - X min) / (X max - X min)                         (2) 
 
 
Statistical analysis 
 
Using SAS for Windows V8 software, all data were 
subjected to analysis of variance (ANOVA) procedure 
followed by the Duncan’s multiple-range test and statistical 
significance was defined for P ≤ 0.05. The tables and figures 
were constructed using the Excel and Sigmaplot 12.5 
software, respectively. 
 
 
RESULTS 
 
Morphology of cucumber plant 
 
There was no significant difference among treatments in 
plant height and stem diameter at seedling stage (data not 
shown), however, G2W1 showed the thickest stem 
diameter at fruiting stage (Table 1) which was significantly 
higher than other treatments. For plant height and leaf 
area, no significant effect was recorded at fruiting stage 
(Table 1). 
 
 

Leaf chlorophyll content and root viability of cucumber 
plant 
 

Table 2 presents the effect of different compost tea on leaf 
chlorophyll content of cucumber. The chlorophyll a and 
chlorophyll (a + b) content in G1W1 and CK2 had no 
significant difference, but was significantly higher than that 
by the other treatments (Table 2). The chlorophyll a/b 
value of G2W1 was 3.51±0.10 and significantly lower than 
other treatments. The chlorophyll b content showed no 
significant difference among five treatments. 

The root activity of cucumber plants which were treated 
by CK1, CK2, G1W1 and G1W2 had no significant difference, 
but they were all significantly higher than G1W1 (Figure 1) 
and the value of root activity treated by G2W1 was the 
highest. 
 
 

Fruit quality of cucumber 
 

The vitamin C content in commercial fruits for CK1, CK2,
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Table 1: Effect of foliage spraying the compost tea made from different proportions of garlic and 
wheat plant residue on cucumber morphology. 

  

Treatment Plant height (cm) Stem diameter (mm) Leaf area (cm2) 

CK1 110.6±5.5a 10.17±0.04c 195.71±43.22a 

CK2 108.6±4.7a 10.51±0.06b 183.05±41.25a 

G2W1 106.0±7.6a 10.78±0.13a 190.37±14.35a 

G1W1 111.4±11.1a 10.42±0.09b 173.22±29.02a 

G1W2 111.0±5.2a 10.42±0.10b 219.03±27.69a 
 

Data are presented as means with standard error (n= 3). Different letters within a column indicate 
significant difference at P= 0.05 (ANOVA, Duncan’s multiple-range test). 

 
 

Table 2: Effect of foliage spraying the compost tea made from different proportions of garlic and 
wheat plant residue on cucumber leaf pigments.  

 

Treatment Chl a (mg·g-1) Chl b (mg·g-1) Chl(a+b) (mg·g-1) Chl a/b 

CK1 1.23±0.09b 0.33±0.02a 1.56±0.11b 3.74±0.07a 

CK2 1.35±0.05ab 0.37±0.01a 1.71±0.06ab 3.68±0.10a 

G2W1 1.22±0.08b 0.35±0.03a 1.57±0.11b 3.51±0.10b 

G1W1 1.40±0.07a 0.37±0.02a 1.76±0.09a 3.79±0.12a 

G1W2 1.24±0.11b 0.33±0.04a 1.57±0.15b 3.78±0.09a 
 

Data are presented as means with standard error (n= 4). Different letters within a column indicate 
significant difference at P= 0.05 (ANOVA, Duncan’s multiple-range test). 
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Figure 1: Effect of foliage spraying the compost tea made from different proportions of garlic and wheat plant 
residue on cucumber root activity. Data are presented as means with standard error (n= 3). Different letters 
within a column indicate significant difference at P= 0.05 (ANOVA, Duncan’s multiple-range test). 
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Figure 2: Effect of foliage spraying the compost tea made from different proportions of garlic and wheat 
plant residue on cucumber vitamin C content. Data are presented as means with standard error (n= 4). 
Different letters within a column indicate significant difference at P= 0.05 (ANOVA, Duncan’s multiple-range 
test). 

 
 
G2W1, G1W1 and G1W2 were 25.29, 9.91, 48.35, 25.29 and 
16.32 mg•100 g-1 FW, respectively. There was a significant 
difference between G2W1 and other four treatments 
(Figure 2). The result also indicated that the vitamin C 
content declined rapidly with the decreased ratio of garlic 
plant residue in compost tea. 

CK2, G1W1 and G1W2 showed no significant difference 
with CK1 which had the highest reducing sugar value. 
However, CK1 was significantly higher than G2W1 on 
reducing sugar content (Figure 3a). In contrast, the total 
soluble sugar of G2W1 was the highest, even though there 
was no significant difference among treatments on total 
soluble sugar content (Figure 3b). 

G1W1 had no significant difference with CK1 which 
showed the best soluble protein content (Figure 4), while 
the other three treatments were significantly lower than 
CK1. 

Figure 5 shows the nitrate and nitrite contents of 
cucumber fruits. There was no significant difference on 
nitrate content between CK1 and CK2, but they were 
significantly lower than the other three treatments. CK2 
showed the lowest value on nitrate content. The nitrite 
content of cucumber fruits treated by G2W1 was lowest 
among the five treatments. 

Evaluation of measured fruit quality 
 
Table 3 shows the result of subordinate function values. 
The comprehensive evaluation of fruit quality of G2W1 was 
the highest according to the mean subordinate function 
values. 
 
 
DISCUSSION 
 
Physical appearance is one of the most important indicators 
for plant growth and it can reflect the degree of strength in 
plants to a certain extent. Different compositions and 
content of elements in different compost tea may play 
important roles in the growth and development of crops 
(Pestana et al., 2005). Actually, there was no significant 
difference in morphology of cucumber seedling stage (15 
days after treating) among five treatments (data not 
shown). It may be limited by the time of treatment. 
According to the data of fruiting stage, the cucumber plants 
under G2W1 treatment were more robust than the plants 
under other treatments (Table 1). This indicated that our 
compost tea influenced the morphology of cucumber after 
being treated for a long time. It may be explained that the 
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Figure 3: Effect of foliage spraying the compost tea made from different proportions of garlic and wheat plant residue on 
cucumber reducing sugar content (a) and total soluble sugar content (b). Data are presented as means with standard error (n= 4). 
Different letters within a column indicate significant difference at P= 0.05 (ANOVA, Duncan’s multiple-range test). 
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Figure 4: Effect of foliage spraying the compost tea made from different proportions of garlic and wheat 
plant residue on cucumber soluble protein content. Data are presented as means with standard error (n= 
4). Different letters within a column indicate significant difference at P= 0.05 (ANOVA, Duncan’s multiple-
range test). 

 
 
Hoagland nutrient solution has not fully satisfied the 
growth of cucumber plants which agrees with earlier 
reports (Ding et al., 2010). 

Nitrogen (N), as a limiting element, is very important for 
plant growth. The nitrate and nitrite contents are important 
sanitary quality indexes for fruits and vegetables. We 
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Figure 5: Effect of foliage spraying the compost tea made from different proportions of garlic and wheat plant residue on 
cucumber nitrate content (a) and nitrite content (b). Data are presented as means with standard error (n= 4, n= 2). 
Different letters within a column indicate significant difference at P= 0.05 (ANOVA, Duncan’s multiple-range test). 

 
 

Table 3: Evaluation of foliage spraying the compost tea made from different proportions of garlic and wheat plant residue on 
cucumber fruit quality by subordinate function.  

 

Treatment 
Total soluble 

sugar 
Soluble protein Vitamin C Nitrate Nitrite 

Mean subordinate 
function values 

Order 

CK1 0.1930 1.0000 0.4000 0.8267 0.0000 0.4839 2 

CK2 0.7135 0.4965 0.0000 1.0000 0.0740 0.4568 3 

G2W1 1.0000 0.5428 1.0000 0.3366 1.0000 0.7759 1 

G1W1 0.0000 0.7308 0.4000 0.0000 0.0000 0.2262 5 

G1W2 0.5439 0.0000 0.1667 0.3564 0.1069 0.2348 4 

 
 
observed that the trends of soluble protein content, nitrate 
content and nitrite content were similar-firstly increased 
and then decreased with the decreased ratio of garlic plant 
residue in compost tea except CK1 and CK2 (Figures 4 and 
5). Cucumber is one of the crops which prefer NO3--N for N 
uptake (Al-Harbi, 1995; Zhang et al., 2016). The plants 
absorb certain N form which is matching the crops 
preference; otherwise, the ability to take up the applied N 
depends on the ability of soil to transform the applied N 
into the preferred N form (Zhang et al., 2016). Many reports 
showed that NH4

+-N inhibit plants growth, which is 
attributed to various factors (Adler et al., 1996; Wang et al., 
2003). However, no reports on whether the nitrogen forms 
of foliar fertilizers affect plants growth were found. Earlier 
research reported that nitrate nitrogen was beneficial to 
the accumulation of soluble protein in plant while 
ammonium nitrogen promoted the accumulation of sucrose 
(Cruz et al., 1993).  

Nitrate reductase (NR) is a key enzyme for nitrate 
assimilation in plants (Solomonson and Spehar, 1977). NR 
can directly regulate the nitrate reduction, thus, regulating 
nitrogen metabolism. The activity of NR was related to 
photosynthesis (Tian et al., 2009). Some studies indicated 
that the application of nitrogen fertilizer could lead to the 

accumulation of nitrate in vegetables during the harvest 
period (Van, 1984). That the compost tea foliar fertilizers 
were applied during the whole life of cucumber may be 
another reason that resulted in the excessive nitrate 
accumulation. The nitrite content was far below the Chinese 
national standard (4 mg kg-1). When the nitrate absorbed 
by plants is reduced to nitrite by NR, the nitrite will be 
reduced to NH4

+ by NiR which has higher activity. 
Therefore, the plants generally do not accumulate excessive 
nitrite (Gao et al., 1990; Duan et al., 2016).  

The foliar fertilizers of compost tea also had impacts on 
the reducing sugar, total soluble sugar and vitamin C 
according to the results (Figures 2 and 3). Not only 
photosynthesis but also the form of nitrogen may influence 
the accumulation of vitamin C and soluble sugar contents 
(Wang et al., 2007, 2004). Moreover, the rhizosphere pH 
value increased when NO3

- was absorbed resulted in the 
short supply of other trace elements, in which may be 
closely related to the carbon and nitrogen metabolism and 
influence the other quality indicators (Duan et al., 2016). 

It is concluded that the cucumber plants treated by 
spraying G2W1 compost tea showed better performance on 
growth and fruit quality. In addition, the compost tea 
(G2W1)   requires  further  investigation  and  improvement 
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for cucumber cultivated in pot. 
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