
 
Received: 27 August, 2007. Accepted: 20 October, 2007. Invited Mini-Review 

The Asian and Australasian Journal of Plant Science and Biotechnology ©2007 Global Science Books 

 
Application of Crop Residues in Protected Cultivation in China 

 
Zengyong Zhu1,2 • Yanfeng Qi3 • Min Wei1* • Xiufeng Wang1 • Huantao Wu1 

                                                                                                    
1 State Key Laboratory of Crop Biology, Shandong Agricultural University, Taian-271018, Shandong, PR China 
2 Agricultural Information Institute of the Chinese Academy of Agricultural Sciences, Beijing-100081, PR China 

3 Weifang Science and Technology Vocational College, Shouguang-262700, Shandong, PR China 

Corresponding author: * minwei@sdau.edu.cn 
                                                                                                    

ABSTRACT 
China is a country with abundant crop residue resources and largest area of protected cultivation in the world. The resources of crop 
residues and their application status are briefly introduced in this paper. Aimed at the reuse of agricultural waste resources and the 
sustainable development of protected cultivation, the utilization and effects of crop residues under protected cultivation in China are 
presented. The future prospects and current problems of crop residue application have also been discussed. 
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INTRODUCTION 
 
Crop residues are the main by-products from an agricultural 
production system; at the same time, they are extremely 
valuable biological resources, in which the content of car-
bon, oxygen and hydrogen accounts for more than 95%, and 
that of potassium, nitrogen, phosphorus, silica, calcium, 
magnesium, sulfur and other mineral elements shares only 
about 5%. The reasonable exploitation and utilization of 
crop residues is beneficial for the protection of the ecolo-
gical environment and for the development of resource-
saving and sustainable agriculture, and has been the subject 
of worldwide attention (Coxworth et al. 1981; Dev and 
Bhardwaj 1991; Zhang et al. 2006). 

There are many ways to make use of crop residues, for 
example, returning crop residues to the field (both direct 
returns and indirect returns), developing straw forage, as 
fuel or raw materials of chemical and industrial products, 
and so on (Gao et al. 2002; Han et al. 2002; Liu et al. 
2006a). Roughly speaking, 23% of crop residues are cur-
rently used as forage in China; 67% of livestock are fed by 
crop residues-related materials (Liu et al. 2007). As fuel, 
crop residues provide about 30-35% of domestic energy 
consumption in rural China (Liu et al. 2006a). 
 
 
 

RESOURCES OF CROP RESIDUES IN CHINA 
 
Being an important agricultural country, China has abun-
dant resources of crop residues. The annual total amount of 
crop residues in the world is approximately 20×108 ton, of 
which China produces about 30% (Zhang et al. 2006). 
Based on a detailed investigation, Liu et al. (2007) con-
cluded that the average production of crop residues in China 
was estimated at 6.3×108 tons in the last decade, that the 
average increase rate was about 1.2% in the last two dec-
ades, and that the production of crop residues would reach 
7×108 tons in the next decade. 

Rice straw, wheat straw and corn stalks are the predo-
minant kinds of crop residues in China, occupying 76.1% of 
the total. Rice straw ranks first, at about 31.6%, followed by 
corn stalks and wheat straw, at 23.9% and 21.6%, respec-
tively. The proportions of residues from grain crops, rape 
crops and legumes are just 4.1%, 3.8% and 2.7%, respec-
tively (Gao et al. 2002). Along with the structural readjust-
ment of crop cultivation, the percentage of economic crop 
residues is rising. 

Geographically speaking, rice straw is mainly located in 
the central south, east China and some provinces in south-
west regions; corn stalks are mainly distributed in the north-
east, north China and some provinces in the east and central 
south regions; wheat straw comes mainly from the east, 
central south and north China (Han et al. 2002). 
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CURRENT SITUATION OF CROP RESIDUE 
APPLICATION 
 
China has the tradition of utilizing crop residues, most of 
which were directly applied as fertilizer, fuel or forages 
when agriculture was more traditional. Nowadays, direct 
returning of crop residues to fields is still practiced for its 
ease of application. At the same time, indirectly returning to 
the fields is becoming more and more popular, including 
decomposed organic fertilizer, manure digested by livestock 
and ashes. 

The current leading utilization of crop residues is still 
organic fertilizer (including direct returns), which accounts 
for 36.6% of the total, followed by fuel and forages, 23.7% 
and 22.6%, respectively, with only 4.4% serving as raw 
materials. Above 40% of both wheat and rice straws are 
used as fertilizer by direct or indirect returns. Besides, 
12.7% of crop residues is burned or discarded, which causes 
severe resource waste and environmental pollution (Gao et 
al. 2002). 

Some new technologies have been developed in recent 
years and have shown prospective potential, by which crop 
straws are recycled as biomass energy resources or Indus-
trial raw materials (Han et al. 2002; Zhang et al. 2006). 
 
DEVELOPMENT OF PROTECTED CULTIVATION IN 
CHINA 
 
There is a long history of protected cultivation in China, but 
which had not developed rapidly until the late 1980s. Cur-
rently, China has become the country with the largest area 
of protected cultivation in the world. The area of vegetable 
protected cultivation reached 2.50 million hectares at the 
end of 2003 (Zhang 2006), while only 28,770 ha and 50,000 
ha for flowers and fruits in 2006 (Shen et al. 2007). Con-
sidering the types of protected facilities, greenhouses in 
China are characterized by solar-heated greenhouses whose 
area went beyond 0.60 million hectares in 2003, approxi-
mately 50% of the total area of greenhouses and high tun-
nels (Li 2005). Large multi-span greenhouses developed 
slowly in China due to the high construction investment and 
operating cost, with only 700 ha at the end of 2003 (Li 
2005). 

Soilless culture was introduced to vegetable commercial 
production in the late 1970s in China, and has developed 
rapidly since the end of the last century. The total area of 
soilless culture exceeded 1,070 ha by 2004 on mainland 
China, most of which was media cultivation, predominating 
in eco-organic type (Jiang and Yu 2005). 
 
PROBLEMS IN SUSTAINABLE DEVELOPMENT OF 
PROTECTED CULTIVATION 
 
Owing to the special environmental conditions and cultiva-
tion manners, the soil under protected cultivation often en-
genders continuous cropping obstacles, appearing as the 
deterioration of soil physical, chemical and biological pro-
perties, the increase of soil-borne pests and diseases, and 
the decline of crop yield and quality (Yu and Du 2000). Pre-
vious studies showed that continuous cropping of cucumber 
(Cucumis sativus L.) in greenhouse could result in alteration 
in structure and number of soil microorganisms, and acti-
vities of soil enzymes, pathogenic fungi, such as Fusarium 
oxysporum, accumulated obviously and became the domi-
nant physiological group, while the activity of saccharase 
decreased (Wu et al. 2002a; Ma et al. 2004). The changes 
of soil biological properties will influence the transforma-
tion and absorption of nutrients, occurrence of diseases and 
insect pests, degradation of pollutants, as well as restoration 
of soil quality (Insam et al. 1991; Wang and Zhou 2002). 

Secondary salinization of successively cropped soil is 
another limiting factor for crop growth, together with soil 
acidification and hardening, and nutrient unbalance, which 
are caused primarily by excessive and unbalanced fertiliza-
tion (Tong and Chen 1991). Li et al. (2002a) pointed out 

that continuous cropping and excessive and unbalanced fer-
tilization had become visible problems in protected cultiva-
tion. In recent years, continuous cropping obstacles in pro-
tected cultivation increasingly occur, and more and more 
attention has been paid to the improvement of successively 
cropped soil. 

Many measures, for example, appropriate rotation, soil 
sterilization, application of organic manure, grafting and 
soilless culture, etc., have been put into practice to alleviate 
growth disorders of vegetables in successively cropped soil 
(Yu and Du 2000). Many studies have showed that the 
application of crop residues could improve the characte-
ristics of continuous cropped soil and promote the yield 
under protected cultivation (Song 1997; Zhu et al. 2001b; 
Yu and Song 2003; Yuan et al. 2004). 
 
APPLICATION AND EFFECTS OF CROP 
RESIDUES IN PROTECTED CULTIVATION 
 
ORGANIC FERTILIZER 
 
Manure application to fields has been common practice for 
many centuries in China. Crop residues are rich in organic 
matter and mineral nutrients, and the application of crop re-
sidues could increase soil humus and organic matter, pro-
mote nutrient transformation, improve nutrient availability 
and use efficiency (Dev and Bhardwaj 1991; Wu et al. 
2002b; Bu et al. 2006). The effects of applying crop resi-
dues on improvement of nitrogen, phosphorus and potas-
sium in protected cultivated soil have been confirmed, des-
pite the various results from different straw types, soil con-
ditions and application methods (Song 1997; Zhu et al. 
2001a; Wu et al. 2006). In field experiments, the contents of 
available Zn, Mn, Fe and Cu increased respectively by 
0.70-2.05, 4.77-5.94, 3.24-5.28 and 0·19-0·63 mg·kg-1 in 
soil applied with corn stalks at 3% of soil weight (Chen and 
Jiang 2000). Moreover, the application of corn stalks could 
improve the sulfur level in soil, and non-composed stalks 
were better than composed ones (Yan et al. 1994). Qi et al. 
(2003) found that the flowering and harvesting date of 
tomato (Lycopersin esculentum Mill., var. ‘Zhongza No. 9’) 
was 2-3 days earlier when cultivated in mixtures of soil 
with decomposed wheat straw, corn stalks and dung, the 
early yield increased by 14.43%, and fruit quality also 
showed obvious improvement. 

There are two ways to apply crop residues: one is direct 
application, chopped or unprocessed, turned over into the 
soil or mulched on the ground; another is indirect applica-
tion, including composting, animal digestion and burning. 
Generally, the reasonable amount of crop residues for direct 
application is around 0.5%-2.0% of soil weight, depending 
on the soil conditions, nitrogen fertilizer at 2%-5% of straw 
weight should be concurrently applied to adjust the C/N 
ratio and to prevent nitrogen competition among plants and 
microorganisms (Song 1997; Zhu et al. 2001a; Yu and Song 
2003; Qi et al. 2007). 

Besides traditional high temperature fermentation, spe-
cific microbial strains and agents, such as EM, cellulose and 
semi cellulose decomposing bacteria, have been developed 
and applied to fermentation of crop residues, in order to 
shorten the composting period and improve composting ef-
fects. Several specialized organic fertilizer factories have 
been set up in recent years, where crop residues are trans-
formed into high-quality organic fertilizers by a process of 
machinery turning over, high-temperature composting and 
biological fermenting. It will undoubtedly promote the utili-
zation of crop residues as organic fertilizer. 
 
GROWING MEDIA 
 
Rock wool and peat moss are ideal media for soilless cul-
ture. However, owing to the continuous increase in cost and 
the limited availability of peat moss, from the point of view 
of environmental protection and sustainable utilization of 
natural resources, many countries in the world have been 
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trying to search for alternative resources since the end of 
last century (Bragg 1998; Carlile and Papadopoulos 1999). 
The development of other growing media becomes increa-
singly imperative, more and more attention has been paid to 
the reuse of organic and agricultural wastes (Lamanna et al. 
1991; Tian and Wang 2000; Li et al. 2002b). 

Following the rapid development of soilless culture in 
China, crop residues, such as corn and sunflower stalks, 
corn cob, wheat and rape straws, rice and cotton seed hulls, 
coconut husk, sugarcane trash and so on, have been ex-
ploited as growing media to reduce production cost (Li et al. 
2002b; Liu et al. 2006b). Crop residues are usually the 
components of complex media due to their lower bulk den-
sity and higher porosity (Gao 2006). Sand: coconut coir 
(5:5), peat moss: corn stalks: cinder (2:6:2), both are ideal 
media for eco-organic soilless culture of most vegetables 
and flowers (Liu et al. 2006b). Jespersen (1993) found that 
composted organic wastes (mink manure, cow dung, wheat 
straw and wood chips) mixed with peat moss at 20%-40% 
had similar or better effects than peat moss. In our studies, 
compared with those grown in media of peat moss and 
vermiculate at 3:1 (v/v), the earlier first harvesting date and 
higher yield of both tomato and cucumber were observed, 
the fruit quality was also improved when grown in decom-
posed corn stalks and chicken manure or wheat straw and 
chicken manure at 1:1.5 (Dw/Dw) (Zhu 2002). 
 
SOIL AMENDMENT 
 
Crop residues contain cellulose, hemicelluloses as well as 
other substances, can increase the C/N ratio of soil and 
provide sufficient carbon and nitrogen for propagation and 
activities of microorganisms, which leads to great changes 
in microbial flora and quantity, and activities of soil en-
zymes (Zhu et al. 2001b; Song et al. 2002; Cai et al. 2004). 
Microbial activities affect physical, chemical and biological 
properties of soil, and play important roles in nutrient sup-
ply, disease control and soil conservation. It was found that 
the application of rice straw could boost the amount of 
actinomycetes and fungi in soil, while the number of nitrite, 
nitrate and denitrifying bacteria decreased as the rate of rice 
straw increased (Yin et al. 1996). In another experiment, at 
14 days after rice straw application at 3% of soil weight, the 
amounts of bacteria, actinomyces and fungi increased by 
4.8, 8.4 and 11 times, respectively, Trichoderma sp. and 
Penicillium sp. dominated in fungi, both of them are sap-
rophytic fungi and with an idiosyncratic antagonism to 
Fusarium oxysporum and Rhizoctonia solani (Yuan et al. 
2004). 

All biological and chemical processes in soil must be 
catalyzed by enzymes, which positively influence soil ferti-
lity. The remaining maize stubble in fields could remark-
ably raise the activities of urease, phosphatase, cellulose 
and invertase (Song et al. 2002). In our greenhouse expe-
riments with potted cucumber, the activities of saccharase, 
urease and catalase increased positively with the application 
rates of corn stalks or wheat straw after two months’ supply, 
and there was no significant difference among the rates be-
yond 1.2% of soil in weight; After four months, the soil re-
ceiving 1.2% corn stalks demonstrated the highest enzyme 
activity, however, the enzyme activity increased proportion-
nally with the amount of wheat straw applied; The activity 
of saccharase in soil activated by corn stalks or wheat straw 
at the rate of 1.2% or above were always significantly 
higher than that in the soil fertilized with chicken manure 
(Qi 2006). 

The application of crop residues could significantly in-
crease organic matter and porosity, reduce bulk density and 
electrical conductivity, improve physical and chemical pro-
perties of successively cropped soil. The EC of soil continu-
ously cropped by cucumber reduced by 26.5% when rice 
straw was independently applied, and the disease index and 
death rate of blight decreased by 10.8% and 7%, respec-
tively; However, a 64.8% reduction in EC could be achieved 
when rice straw was applied with EM (Yu and Song 2003). 

Aiming to improve successively cropped soil and con-
trol soil-borne diseases, chopped crop straws mixed with 
lime nitrogen (CaCN2) are applied to soil in hot summer 
when greenhouses are vacant, followed by deep tillage, rid-
ging, film mulching and overall irrigation, then sealing the 
greenhouses and keeping the soil at high temperature for at 
least 15 days. This measure doubles the effects on both soil 
sterilization and fertilization (Yu 2006). 
 
IMPROVING ECOLOGICAL ENVIRONMENT 
 
The environment inside greenhouses in winter is character-
rized by low temperatures, high humidity, and CO2 defici-
ency, which could be improved to a certain extent by the 
application of crop residues. Guo and Li (2003) reported 
that application of rice straw at 12 kg·m-2 with puffed 
chicken manure at 10 kg·m-2 could keep higher CO2 concen-
tration in solar greenhouse for more than 5 months and 
meet the CO2 demand of long-season cultivated tomato. 
Nevertheless, greenhouse CO2 varied with the application 
method, and deep underground was superior to uniform 
broadcasting and surface mulching (Wu et al. 2006). 

Soil surface mulching with 5 cm-long wheat straw in a 
solar greenhouse could not only shorten the period of fruit 
development and increase the yield of cucumber, but also 
keep a stable soil temperature by lowering the maximum 
soil temperature and raising the minimum soil temperature 
(Zhai et al. 2005a). The daily average temperature was 
increased by 1.1-2.3°C in soil applied with corn stalks at 
0.4%-1.2% (w/w), which could alleviate the damage of low 
soil temperature, and promote the growth of greenhouse 
grown cucumber in winter (Song 1997). On the other hand, 
straw mulching contributed to the preservation of soil mois-
ture and the reduction of air humidity (Wu et al. 2006); Soil 
surface mulching with wheat straw or wheat straw and plas-
tic film in a solar greenhouse cold increased the water utili-
zation efficiency of cucumber by 74.2% and 102.3%, res-
pectively (Zhai et al. 2005b). 

“Straw bio-reactor technology” has been developed in 
some areas of China where crop residues, inoculated with 
special microbial strains, are placed into the soil by concen-
trated application, followed by irrigation and aeration. Fer-
mentation of crop residues increases CO2 concentration and 
soil temperature in greenhouse; at the same time, it provides 
plants with nutrients necessary for growth. It was reported 
that “Straw reactor technology” increased the yield of cu-
cumber, tomato, pumpkin, and pepper by 30%-40%, and 
reduced the application of chemical fertilizers by 33% (Cao 
et al. 2005). 

One ecological pattern of crop residues’ comprehensive 
utilization integrates livestock breeding, vegetable cultiva-
tion and biogas generation in a solar greenhouse. Crop resi-
dues are used as forages of livestock breeding, fertilizer of 
vegetable growing and raw material of biogas; at the same 
time, biogas can be used for greenhouse heating and CO2 
enrichment. 
 
PROSPECTS AND PROBLEMS OF CROP RESIDUE 
APPLICATION IN PROTECTED CULTIVATION 
 
There are abundant crop residue resources in China, which 
has become the country with the largest protected cultiva-
tion area in the world, providing broader spaces for the 
application of crop residues. However, the application of 
crop residues under protected cultivation is still limited. 
Factors limiting utilization of crop residues may be attrib-
uted to the following: 

(1) Currently, the collection, processing and application 
of crop residues are relatively inconvenient, labor-intensive 
and time-consuming, having few attractions for growers; 

(2) The uneven distribution of crop residues in China 
and the diversity in types and sources as well as soil condi-
tions lead to different characteristics and application effects; 

(3) For direct returns, many technological problems, 
such as decomposing speed, nitrogen competition, disease 
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dissemination, quantitative application, etc., have not basic-
ally been resolved; 

(4) Processing technologies and equipments for crop re-
sidues utilization have not fully developed, and few ad-
vanced technologies and equipments have been adopted; 

(5) Industries, both organic fertilizers and growing 
media from crop residues, are initial starting and less deve-
loped in industralization and specialization. Scientific, uni-
fied product standards and regulations have not been estab-
lished. 

Comprehensive utilization of crop residues in protected 
cultivation profits the development of high efficient, envi-
ronmentally-friendly, resource-saving and sustainable agri-
culture. However, the scale and technological level of crop 
residue utilization nowadays are still low, and both funda-
mental and applied research must be strengthened. At the 
same time, introduction and absorption of advanced techno-
logies and equipments from developed countries should 
also be emphasized. More attention should be paid to the re-
search and exploration of technology-dependent, market-
oriented products from crop residues, as well as the stan-
dardized application techniques in protected cultivation. 
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