%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

Asian Agricultural Research 2014, 6(2): 69 =72, 76

Effects of Soil C/N Ratio on Apple Growth and Nitrogen Ultiliza-

tion, Residue and Loss
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Abstract Soil C/N ratio is an important influencing factor in soil nitrogen cycling. Two-year old apple trees ( Borkh. cv. ‘Fuji’/Malus hu-
pehensis) were used to understand the effect of soil C/N ratio [6.52 (CK), 10, 15, 20, 25, 30, 35 and 40] on apple growth and nitrogen
utilization and loss by using °N trace technique. The results showed that, with the increasing of soil C/N ratio, apple shoot length and fresh
weight increased at first, and then decreased; the higher apple shoot length and fresh weight appeared in C/N =15, 20 and 25 treatments, and
there were no significant differences among these three treatments, but significantly higher than the other treatments. Statistical analysis re-
vealed that there was significant difference in nitrogen utilization rate between the different treatments, the highest N utilization rate was oc-
curred in soil C/N =25 treatment which value was 22.87% , and there was no significant difference between soil C/N =25 and C/N =20 treat-
ments, but both the two treatments were significantly higher than the other treatments; Soil C/N =40 had the lowest N utilization rate which
value was 15.43% , and this value was less than CK (16.65% ). The proportion of plant absorption nitrogen from fertilizer was much higher
when the value of soil C/N ratio in the range of 15 —25, but the percentage of plant absorption nitrogen from soil was much higher when the soil
C/N ratio was too low ( <15) or high ( <25). Amount of residual nitrogen in soil increased gradually with the soil C/N ratio increasing, the
amount of residual nitrogen in C/N =40 treatment was 1. 32 times than that in CK. With the increasing of soil C/N ratio, fertilizer nitrogen loss
decreased at first, and then increased, fertilizer nitrogen loss was the minimum in C/N =25 treatments (49.87% ) and the maximum were oc-
curred in CK (61.54% ). Therefore, regarding the apple growth and nitrogen balance situation, the value of soil C/N ratio in the range of 15
—25 would be favorable for apple growth and could increase effectively nitrogen fixed by soil, reduce nitrogen loss, and improve the nitrogen
utilization ratio.
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According to statistics, the planting area and output of China’s ap-
ple in 2011 reached 1.99 million hectares and 35 million tons, re-
spectively, both accounting for more than 50% of the world apple
planting area and output. The fruit industry has gradually become
a major pillar industry for increasing farmers’ income in the apple

"', Nitrogen is the essential macro nutrient for

producing areas
apple’s growth and development, and increasing the application of
chemical nitrogen fertilizer is one of major measures to increase
the apple production” ™. At present, the net nitrogen application
rate has reached 400 — 600 kg - hm® in China’s apple orchard, but
the nitrogen productivity tends to decline, and the caused environ-
mental pollution tends to aggravate'**'. Therefore, improving ni-
trogen use efficiency, reducing its negative impact on the environ-
ment, and taking into account the ecological benefits while impro-
ving apple production, is the guiding ideology for the study of soil
nitrogen in China currently' . Soil carbon and nitrogen ratio (C/
N) is a sensitive indicator of soil quality, and a indicator for
measuring the nutrient balance of soil nitrogen, which has a major
impact on the soil nitrogen cycling'”’. Currently the soil nitrogen
content in China’s apple orchard has reached as high as 0.8 —1.3

g/kg, while the organic matter content is low, only about
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1% """, Together with the lack of effective management meas-
ures in the ground, the soil C/N ratio is out of balance, which is
an important reason for orchard soil quality degradation, decline in
soil microbial diversity, serious soil-borne diseases, and decline

2 Soil C/N ratio is usually considered a sign of

in fruit quality
mineralization capacity of soil nitrogen. Low C/N ratio can accel-
erate microbial decomposition and nitrogen mineralization rates,
and high C/N ratio can play a certain role in limiting the soil mi-
crobial activity, so that the decomposition and mineralization rate
of organic matter and organic nitrogen is reduced and the ability of
soil to fixate the organic carbon is increased"”’. Currently the re-
searches of soil C/N ratio are mainly focused on the tobacco quali-
ty and physiological and biochemical indicators and the ways to
B4 but there

are few studies on the effects of C/N ratio on apple plant growth

improve soil C/N ratio by adding organic matter'

and soil nitrogen cycling.

Therefore, using "N isotope tracer technique, in this study
we research the effects of different soil C/N ratios on the nitrogen
balance of apple plant — soil system, in order to provide a theoreti-
cal basis for the soil improvement and rational nitrogen application

in the apple orchard.

1 Materials and methods

1.1 Experimental design The experiment was carried out in
the Horticultural Experiment Station of Shandong Agricultural Uni-
versity. The place features a temperate semi-humid continental

monsoon climate. The average annual temperature is 12.9°C , and
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the annual frost-free period is about 195 d. The average annual
rainfall is 697 mm and the rainfall is mainly concentrated in June
to September. The soil for experiment is brown soil [ (organic
matter of 10. 82 g/kg; total nitrogen of 1.01 g/kg; available phos-
phorus of 26. 21 mg/kg; available potassium of 130. 61 mg/kg;
pH(H,0) 6.40]. There are 8 treatments set in this experiment as
follows :

Treatment 1; control (without C), C/N =6.21;

Treatment 2; C/N =10;

Treatment 3: C/N =15;

Treatment 4: C/N =20;

Treatment 5; C/N =25;

Treatment 6; C/N =30;

Treatment 7: C/N =35;

Treatment 8: C/N =40.

Each C/N ratio is regulated by adding different amounts of
glucose based on the soil for experiment.

The potted plant is used for this experiment. The pot has di-
ameter of 30 ¢cm and height of 40 cm, and 23 kg of soil is placed
into each pot. On March 21, 2012, two-year old apple trees
(Borkh. cv. ‘Fuji’/Malus hupehensis) were transplanted in the
pots, one pot for one plant. 5 pots were prepared for each treat-
ment, and the planting height was 60 c¢cm. After the plants grew
steadily, 24 pots of robust pest disease-free plants in the similar
way of growing were selected. 3 pots were for each treatment and
each pol was a repetition. On April 21, 3 g of 10.25% "N - urea
(produced from Shanghai Research Institute of Petrochemical
Technology) , 4 g of superphosphate and 3 g of potassium sulphate
were applied to each pot, and watering was immediately done after
fertilization.

In the stopping period of plant growth ( September 10), the

destructive sampling was carried out on the whole plant, to deter-
mine the shoot length and plant fresh weight. Then the whole plant
was decomposed into roots, stems, and leaves. After the samples
were rinsed in the order of water—detergent—water—1% HCl—3
times deionized water, they underwent 30 min of water-removing
under 105°C, and then they were dried to constant weight at
80°C. After being crushed with electric grinder and sifted through
a 60-mesh sieve, they were mixed and bagged for use. All soil in
the pot was removed while the plant was decomposed, and after it
was weighed and mixed evenly, quartering sampling was used to
determine the "N abundance of soil samples. ZHT —03 spectrom-
eter ( Beijing Analytical Instrument Factory) was used to deter-
mine the "N abundance of samples.
1.2 Data calculation and statistical analysis Ndff ( Contribu-
tion rate of "N absorbed from fertilizer to be allocated to plant or-
gan to total nitrogen of this organ, % ) = [ "N abundance of sam-
ple(% ) "N natural abundance (% ) ]/[ (N abundance of fer-
tilizer — "N natural abundance (% )] x 100;

Nitrogen use efficiency (% ) = [ Ndff x total nitrogen of plant
organs (g) ] /Fertilizer application rate (g) x 100;

Soil N residue = Soil "N abundance x Total soil weight x

soil layer nitrogen content

Nitrogen residual rate (% ) = Soil "N residues/fertilizer ap-
plication rate(g) x100;

Nitrogen loss rate = 100% nitrogen utilization rate nitrogen
residual rate.

Microsoft Excel 2003 was used for drawing tables, and the ex-
perimental data used DPS 7.05 for one-factor analysis of variance.

LSD method was used for difference significance comparison.

2 Results and analysis

2.1 Effects of soil C/N ratio on plant growth The shoot
length and plant fresh weight of apple trees reflect the growth sta-
tus of plants. As can be seen from Table 1, shoot length and plant
fresh weight both increase first and then decrease with the gradual
increase in soil C/N ratio. After the exogenous carbon is added to
gradually increase the soil C/N ratio to 25, shoot length and plant
fresh weight gradually increase to the maximum, then with the fur-
ther increase in the soil C/N ratio, shoot length and plant fresh
weight both gradually decrease. When soil C/N ratio = 40, shoot
length and plant fresh weight are both lower than CK.

Statistical analysis results show that the shoot length and
plant fresh weight under the three treatments of 15, 20 and 25 are
significantly higher than that under other treatments, but there are
no significant differences among the three (P <0.05). It shows
that adding the exogenous carbon to adjust the soil C/N ratio (15
to 25) is conducive to the growth of apple plants.

Table 1 Effects of soil C/N ratio on apple shoot length and plant fresh

weight

Treatment Shoot length//cm Fresh weight//g

CK 29.54 £1.01 ¢ 212.37 £8.34 de
10 33.67+£1.79 b 242.56 £13.42 ¢
15 37.89£2.02 a 267.43 £11.97 ab
20 38.23+£1.27 a 277.75 £13.53 a
25 39.43+2.26 a 281.88 +16.34 a
30 34.65+£1.03 b 261.86 £9.27 be
35 30.44 £1.29 be 221.34 £12.94 d
40 26.78 £1.45 ¢ 197.34 £16.82 e

Note: CK means the experiment control without adding the exogenous carbon.
10, 15, 20, 25, 30, 35 and 40 signify the soil C/N ratio, respectively. Data
in the same column with different small letters indicate significant difference
(P<0.05), the same as follows.
2.2 Effects of soil C/N ratio on plant absorption of fertilizer
nitrogen As can be seen from Fig. 1, with the increase in soil
C/N ratio, plant’s utilization rate of fertilizer "N — urea increases
first and then decreases. When soil C/N ratio =25, the plant’s utili-
zation rate of "N is the greatest, reaching 22.87% , and there is no
significant difference between the plant’s utilization rate of "N when
soil C/N ratio =25 and the plant’s utilization rate of "N when soil
C/N ratio =20, but the plant’s utilization rate of "N under both is
significantly higher than that under other treatments. When soil
C/N ratio = 40, the plant’s utilization rate of "N is the lowest, only
15.43% , lower than that under CK treatment (16.65% ).

The nitrogen absorbed the plant is on the one hand from the

nitrogen provided by the soil, and on the other hand from fertilizer
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nitrogen application. Fig.2 shows that 29.56% —45.65% of total
nitrogen absorbed by the apple plant is from fertilizer nitrogen, and
54.35% —70.44% of total nitrogen absorbed by the apple plant is
from the soil nitrogen, indicating that most of the nitrogen ab-
sorbed by the plants is from the nitrogen provided by the soil.
When soil C/N ratio is gradually increased to 25, the proportion of
total nitrogen absorbed by the apple plants from the fertilizer nitro-
gen is gradually increased (from 32.67% to 45.65% ), and the
proportion of total nitrogen absorbed by the apple plants from the
soil nitrogen is gradually decreased (from 67.33% to 54.35% ).
With the further increase in the soil C/N ratio, the propor-
tion of total nitrogen absorbed by the apple plants from the fertiliz-
er nitrogen is gradually decreased (from 45.65% to 29.56% , and
the proportion of total nitrogen absorbed by the apple plants from
the soil nitrogen is gradually increased ( from 54. 35% to
70.44% ). It indicates that when the soil C/N ratio is too high
(> 25) or too low ( <15), the plant will use more nitrogen in
the soil, but absorb less fertilizer nitrogen.
2.3 Effects of soil C/N ratio on “N residues and losses As

can be seen from Table 2, with the increase in the soil C/N ratio,

the °N residues will increase in the soil. When the soil C/N ratio
= 40, the "N residue amount and residue rate are both the high-
est in the soil, 863. 89 mg and 28. 80 %, respectively, 1. 32
times the "N residue amount and residue rate under CK treat-
ment. There is no significant difference in the soil nitrogen residue
amount among the treatments with C/N of 25 or more, but signifi-
cantly higher than the soil nitrogen residue amount under other
four treatments.

Compared with CK, the rate of nitrogen losses under all
treatments by adding exogenous carbon is reduced. Nitrogen loss
rate is gradually reduced and then increased with the increase in
the soil C/N ratio. The "N loss amount and "N loss rate under
the treatment of C/N = 25 is the lowest (1496. 08 mg and
49.87% , respectively) , only 81.04% of CK. Statistical analysis
shows that there are no significant differences in the nitrogen los-
ses between the treatments of C/N =20 and C/N =25, but signifi-
cantly lower than that under other treatments; there are no signifi-
cant differences in the nitrogen losses among the three treatments
of CK, C/N =10 and C/N =40, but significantly higher than that

under other treatments.

Table 2 Effects of soil C/N ratio on *N residues and losses in apple — soil system

"N residues "N losses
Treatment
Residue amount //mg Residue rate//% Residue amount //mg Residue rate// %

CK 654.45 £22.32e 21.82 1 846.05 £41.22a 61.54
10 720.34 £16.78d 24.01 1 733.06 +39.55ab 57.77
15 783.67 £26.81c 26.12 1 573.43 £51.56¢ 52.45
20 802.45 +30.22bc 26.75 1524.35 £44.21d 50. 81
25 817.82 +21.79abc 27.26 1496.08 +31.22d 49.87
30 839.94 +24.77abc 27.99 1 583.46 = 38.31c 52.78
35 848.22 +34.11ab 28.27 1 617.48 +60.33bc 53.92
40 863.89 +18.35a 28. 80 1 673.21 +29.55abc 55.77

3 Discussions and conclusions
Adding the glucose to improve soil C/N ratio can significantly af-
fect apple plant growth and nitrogen utilization. The studies of Li
Xueli et al'™ on tobacco suggest that the soil C/N ratio in 24 —28
is most conducive to the carbon and nitrogen metabolism during
the tobacco plant growth, improving the coordination of internal
chemical components of tobacco and improving quality of tobacco,
but when the soil C/N ratio is too high, then it is the other way a-
round. The studies of Liu Shiliang et al'™’ also show that suitable
soil C/N ratio will help improve the content of chlorophyll and ni-
trogen content and nitrate reductase activity, but with the further
increase in C/N ratio, these indicators show a decreasing trend.
In this experiment, when the soil C/N ratio is 15 —25, the plant
growth is in the best conditions, and its shoot length and plant
fresh weight are significantly higher than that under other treat-
ments, but when C/N ratio is increased to 40, plant’s shoot length
and fresh weight are even lower than that under the control, which
is consistent with the above conclusions. The uptake and utiliza-
tion efficiency of fertilizer nitrogen also confirms this point.

When the soil C/N ratio is 15 —25, the plant’s utilization
rate of "N is the highest, but with the further increase in C/N ra-

tio, the utilization rate of fertilizer nitrogen is gradually decreased,
and when C/N ratio is 40, the fertilizer nitrogen utilization rate is
even lower than that under the control treatment without the addi-
tion of exogenous carbon. This may be due to the fact that when
C/N ratio is high, there is more added exogenous glucose and
adding a lot of soluble exogenous carbon promotes the microorgan-
isms in the soil propagate in a large number; the propagation of
microorganism need to consume part of nitrogen, and microorgan-
ism and apple plant will compete for the nitrogen in the soil, thus

affecting the growth of apple plants and roots’ absorption of nutri-

[16-17] .
’

ents when the soil C/N ratio is low, there will be less car-

bon sources for microbes and microbial activity is decreased, thus

10181 making the nutrients

affecting the availability of nutrients
difficult to be absorbed by the apple plant roots, thereby inhibiting
plant growth and development. From the perspective of apple plant
growth and nitrogen uptake, the soil C/N ratio in 15 =25 is the
best.

The nitrogen absorbed by the crops is mainly from the nitro-
gen provided by soil and nitrogen provided by fertilizer, and soil
nitrogen supply is main based on mineralization and release of or-

ganic matter. Studies have shown that soil mineralized nitrogen
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amount is significantly positively correlated with amount of nitro-
gen absorbed by crops'™’ | while soil mineralized nitrogen amount
is significantly correlated with the organic carbon level ™. Even if
in the case of considerable application of nitrogen fertilizer, there
is more than about 50% of nitrogen absorbed by crops from the
soil '

This study shows that with the increase in the soil C/N ratio,
the proportion of nitrogen absorbed by crops from the soil nitrogen
supply first decreases and then increases, while the proportion of
nitrogen absorbed by crops from the fertilizer nitrogen supply first
increases and then decreases. It suggests that low C/N ratio can
accelerate microorganisms’ decomposition of organic nitrogen in the
soil and nitrogen mineralization rate, thereby improving soil’s ni-
trogen supply potential and nitrogen supply capacity'” >, When
the C/N ratio is at a relatively high level, it will increase soil
microorganisms’ " retaining" on the applied fertilizer nitrogen, so
that the availability of exogenous nitrogen is reduced, resulting in
less absorption of nitrogen fertilizers by the plant. Suitable C/N
ratio plays a certain role in limiting soil microbial activity, decel-
erating the decomposition and mineralization of organic matter and
organic nitrogen, which is conducive to improving the soil organic
carbon level.

At the same time, it will inhibit the too high intensity of "re-
taining" of soil microorganisms on the applied nitrogen, which is
conducive to giving full play to the effectiveness of nitrogen fertil-
izer, and promoting the plant’s uptake and utilization of nitrogen
fertilizers'" '),

The study results in this experiment show that with the in-
crease in the soil C/N ratio, the soil residual nitrogen will in-
crease. Yao Huaiying et al™' pointed out promoting the microbial
fixation of inorganic nitrogen was an effective way to reduce nitro-
gen losses. Li Shiging et al'™' confirmed that the application of or-
ganic fertilizer can promote microbial nitrogen fixation, and effec-
tively reduce nitrogen and ammonia volatilization losses. The high
soil organic carbon content can provide adequate carbon for the
microorganisms, helping to increase the number and improve the
activity ; the excess fertilizer nitrogen that can not be absorbed by
the roots, can be assimilated into microbial body to transform into
stable organic nitrogenous matter, thereby effectively reducing ni-
2031 f the soil C/N ratio is higher, the

amount of soil nitrogen fertilizer residues will be greater, but the

trogen gaseous losses

nitrogen losses first decrease and then increase.

It is mainly due to the fact that when the soil C/N ratio is at
a very high level, the proportion of fertilizer nitrogen absorbed the
plants is reduced, and the excessive exogenous carbon makes the
soil structure loose, increasing the risk of deep nitrogen leaching
losses. In this experiment, the fertilizer nitrogen loss rate under
each treatment is in 49.87% —61.54% , higher than the nitrogen
loss rate in the field experiment, which may be related to serious
nitrogen leaching losses caused by frequent watering in the summer
pot experiment.

From the effects of soil C/N ratio on apple plant growth and

nitrogen balance situation, when the soil C/N ratio is in 15 =25,
it can promote plant growth and development, reduce nitrogen los-
ses and improve fertilizer use efficiency. Therefore, when applying
biological straw or exogenous carbon to improve the orchard soil
C/N ratio in the apple production, it is necessary to adjust the ad-
dition of exogenous carbon and control the soil C/N ratio within
the appropriate range, according to the level of soil nitrogen, so as

to achieve high yield, high quality and high efficiency.

References

[1] Chinese Ministry of Agriculture. China agricultural yearbook 2010[ M]. Bei-
jing: Chinese Agriculture Press, 2011. (in Chinese).

[2] PENG FT. Regulation of nitrogen to apple fruit development, yield and
quality[ D]. Tai’an: Shandong Agriculture University, 2001. (in Chinese).

[3] Vanangamudi K, Subramanian K S, Baskaran M. Influence of irrigation and
nitrogen on the yield and quality of chilli fruit and seed[J]. Seed Research,
1990, 18(2) : 114 —116.

[4] GAO C, ZHANG T L, SUN B, et al. Nitrogen management in Chinese agri-
culture since early 1980s: status and problems[ J]. Journal of Nanjing Uni-
versity : Natural Science, 2002, 38(5) : 716 —721. (in Chinese).

[5] PENG FT, JIANG YM. Characteristics of N, P and K nutrition in different
yield level apple orchards[ J]. Scientia Agricultura Sinica, 2006, 39(2):
361 —367. (in Chinese).

[6] YI ZX, WANG P, CHEN PP, et al. Effect of different types of nitrogen fer-
tilizer on nitrogen absorption and utilization of summer maize (Zea mays
L.)[J]. Plant Nutrition and Fertilizer Science, 2008, 14(3): 472 —478.
(in Chinese).

[7] Weaver D M A L. Changing farm practice to meet environmental objectives
of nutrient loss to Oyster Harbour[ J]. Fertilizer Research, 1993, 36(2):
177 - 184

[8] LU SC, CHEN Q, ZHANG FS, et al. Analysis of nitrogen input and soil ni-
trogen load in orchards of Hebei Province[ J]. Plant Nutrition and Fertilizer
Science, 2008, 14(5) ; 858 —865. (in Chinese).

[9] ZHU ZL. Research on soil nitrogen in China[J]. Acta Pedologica Sinica,
2008, 45(5) : 778 —783. (in Chinese).

[10] Springob G, Holger K. Bulk soil C to N ratio as a simple measure of net N

mineralization from stabilized soil organic matter in sandy arable soils[ J].
Soil Biology & Biochemistry, 2003, 35(4) : 629 —-632

[11] YANG YL, GUO SL, MA YH, et al. Changes of orchard soil carbon, ni-
trogen and phosphorus in gully region of Loess Plateau[ J]. Plant Nutrition
and Fertilizer Science, 2008, 14(4): 685 —691. (in Chinese).

[12] SHU HR. Development status of fruit industry in China and several prob-
lems to be studied[ J]. Engineering Science, 2003, 5(2): 45 —48. (in
Chinese).

[13] WANG Y. Effect of materials in different status on humus of soil and crop
yield[ J]. Chinese Journal of Soil Science, 2002, 33(2): 156 —157. (in
Chinese).

[14] LI XL, YE XF, GU JG, et al. Effect of soil C/N ratio on activity of key
enzymes involved in carbon and nitrogen metabolism and quality of flue-
cured tobacco leaves[J]. Acta Tabacaria Sinica, 2011, 17(3); 32 - 36.
(in Chinese).

[15] LIU SL, LIU ZJ, YANG QY, et al. Effect of different C/N ratio on physi-
ological and biochemical characteristics and chemical components of flue-
cured tobacco[ J]. Acta Agriculturae Boreali-Sinica, 2007, 22(6) ; 161 —
164. (in Chinese).

[16] LIU C, TANG GY, TONG CL, et al. Evolvement characteristics and cou-
pling relationship of soil organic carbon and total nitrogen in subtropical
paddy field ecosystem under different fertilization practices[J]. Chinese
Journal of Applied Ecology, 2008, 19(7): 1489 —1493. (in Chinese).

[17] LIU CZ, WANG SM, YANG LL. Study on adjustment of the ratio of C to
N by adding N during straw turnover[ J]. Journal of Agricultural University
of Hebei, 1995, 18(3): 31 —=35. (in Chinese).

[18] Schipper LA, Sparling GP. Accumulation of soil organic C and change in
C: N ratio after establishment of pastures on reverted scrubland in New
Zealand[ J]. Biogeochemistry, 2011, 104(1/3) ; 49 —58.

(To page 76)



76 Asian Agricultural Research 2014

1. 000 ’14’6

30
*
»% oM eenen
0.850 Region 11 Region I
TR T )
By
0
E 0. 700 7 * ¥y *23
g
£ 055
© . . L )
3 040 Region Il ¢ 5 Region IV
0.250 .

0.100
0.100 0.250 0.400 0.550 0.700 0.850 1.000
Pure technical efficiency

Fig.1 Distribution of pure technical efficiency and scale efficien-
cy of vegetable specialized cooperatives

For 5 cooperatives in region I, both pure technical efficiency
and allocation efficiency are high. Compared with completely ef-
fective cooperatives, these cooperatives need make little improve-
ment and may introduce advanced planting technology or adjust
scale. For 6 cooperatives in region II, their pure technical effi-
ciency is low, but their scale efficiency is high. These coopera-
tives should introduce pertinent production technologies, provide
training services for cooperative members in vegetable planting,
and introduce fine variety cultivation, to improve technical effi-
ciency. For 7 cooperatives in region III, both pure technical effi-
ciency and scale efficiency are low. Firstly, cooperatives should
popularize planting technology with the support of government and
other organizations. Besides, they should make effort to attract
farmers to join in their cooperatives. For 4 enterprises in region
IV, the pure technical efficiency is high and scale efficiency is
low. To increase overall efficiency, these cooperatives should ex-
pand their scale, realize large-scale operation, reduce costs, and
increase efficiency.

3 Conclusions and recommendations
Using DEA method and traditional and super efficiency DEA mod-
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els, we analyzed efficiency values of vegetable specialized cooper-
atives. According to regional division of Chongging Municipality,
we compared efficiency of cooperatives in three regions. Overall
technical efficiency, pure technical efficiency and scale efficiency
of three regions take on different characteristics, but the overall
trend is consistent with local economic development. At the same
time, it can be concluded that the super efficiency DEA model can
identify and rank order of effective DMUs, so as to make more ac-
curate evaluation on efficiency of cooperatives.

On this basis, it can provide path for judging and analyzing
efficiency of cooperatives. We made decomposition of technical ef-
ficiency, classified cooperatives with incomplete efficiency, and
divided those cooperatives into 4 categories using distribution of
pure technical efficiency and scale efficiency. Finally, in line with
efficiency distribution of 4 categories of cooperatives, we came up
with pertinent measures and recommendations, to point out direc-
tion for incomplete effective cooperatives transforming into com-

plete effective cooperatives.
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