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1 SUMMARY 

Wheat and corn were chosen to study the single and combined stress effects of low 

temperature and drought on their germination characteristic and early seedlings growth. 

Results showed that both single and their interaction of low temperature and drought could 

affect the germination and early seedlings growth of wheat and corn significantly. With the 

increasing Polyethylene Glycol (PEG) levels and decreasing temperature, wheat seeds could 

keep higher germination percentage when temperature was between 15 °C and 25 °C or 

PEG level was between 0 to 20%. The germination percentage reduced markedly when 

temperature was 10 °C, or PEG level was at 30%. Corn seeds decreased sharply with the 

increasing PEG levels and decreasing temperature, and could not germinated when 

temperature was 10 °C, or PEG level was at 30%. The length and biomass of wheat early 

seedlings had similar change tendency, which increased first then decreased. The length 

and biomass change of corn seedlings was consistent with their germination, which 

decreased significantly. The peaking values of wheat and corn seedlings were showed at 

10% and 0 PEG levels, 20 °C and 25 °C, respectively. Wheat had higher root/shoot than corn. 

More root biomass and higher root/shoot were the adaptation characteristic of  wheat 

seedlings to low temperature and drought stress. From these results, it can be concluded 

that maize growth would be better, if  the temperature and water condition was good in 

Northeast China (temperature was between 20 °C to 25 °C; water condition was lower than 

PEG 5%), if  not, wheat could germinate and grow better than corn. In the maize planting 

zones of  Northeast China, the adaptive management method is to delay the planting time 

until the temperature and water condition improves to avoid loses of  maize production.  
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2 INTRODUCTION 

In recently 10 years, extreme weather problems 

happens frenquently due to global climate 

change. The high temperatures (Egli et al., 

2005), freezing (Woltz et al., 2006) and other 

environmental factors have affected crops 

germination and filling immensely. There is an 

increasing trend in the low temperature both 

extremely and minimally, especially in winter of  

northern China in the past 40-50 years (Zhai et 

al., 1999). Northeast of  China is one of  the 

important districts for growing crops and for 

maintaining food security. However, it also 

belongs to the zone which is affected by global 

climate change significantly (Zhao et al., 2008). 

Water and temperature are two main effective 

factors for crops growing and development. 

The cold stress caused by low temperature in 

northern China causes loss of  corn production 

by 20% (Ma et al., 2003). Therefore it is 

becoming one of the biggest areas with 

fluctuated crop production per unit area, being 

one of the main crops production districts 

(Cheng and Zhang, 2005). Many researches 

focused on single stress of low temperature and 

drought on plants physiological-biochemical 

characteristic, such as areca-nut (Wu et al., 

2007), coix seed (Dong, 2011), and coffee 

(DaMatta and Ramalho 2006). These plants 

increased the plasma membrane permeability, 

malondialdehyde and proline content, SOD 

enzymatic activity inordinately. There were also 

two different results about plant responses to 

the cross stress of drought and low temperature. 

One point is that one stress would improve the 

resistance of plant to another stress. Wheat 

seedlings had a cross-adaptation to combined 

stresses of drought and low temperature (Ungar, 

1996) by enhancing the protective enzyme 

activity and antioxidant contents, membrane 

permeability, based on reactive oxygen 

scavenge system function of wheat seedlings. 

Hay et al. also indicated that the most important 

factor of promoting Potamogeton species 

germination was cold stratification prior to 

placing at the germination temperature (Hay et 

al., 2008). The damage of low temperature on  

photosynthetic apparatus, cell membrane and 

cell structural of cucumber seedlings could be 

alleviate by PEG drought stress, and drought 

stress improved cucumber adaptation to low 

temperature (Prasad 1997; Sun et al., 2012). 

Another adverse point is that the cross effects 

of two different stresses on plants are more 

serious. The single stress of moderate low 

temperature or light drought would promote 

root growth of tomato seedlings. However the 

interactive stress led to a decrease of root 

growth index (Khan and Ungar, 1997). The 

growth adaptation of crops to the outside 

environments varied with the development 

period. Germination was the initial stage in the 

life cycle of plants, which was also the most 

crucial and sensitive stage responding to 

environments. Successful establishment of 

plants depended on their germination quality 

(Ma et al., 2008; Egli et al., 2005). Seedlings 

growth after germination was another 

important stage for life cycle of plants, which 

would affect the size, development and genetic 

variation ability of plant population (Woltz et al., 

2003). Wheat and corn, as the two main crops 

in dry farmland in northeast of China, were 

chosen to study the single and combined 

stresses effects of low temperature and drought 

(which maybe happening in the spring of 

Northeast of China) on their germination 

characteristic and seedlings growth, and to 

explore their response and adaptation ability. 

This study hypothesized that (1) the cross 

stresses of drought and low temperature would 
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sharpen the damage effects on crops 

germination and early seedlings growth; (2) the 

germination and early seedlings growth of corn 

under single or combined stresses of low 

temperature and drought, would be better than 

that of wheat, because the corn seeds are bigger 

than wheat seeds. The results could be used as 

scientific basis for coping with global climate 

change, maintaining food production and 

managing agricultural production. 

 

3 MATERIALS AND METHODS 

3.1 Materials: The plants seeds, wheat (Triticum 

aestivum) cv. Jimai 3 and maize cv. Liangyu, were 

used as the experimental materials in 2012. They 

were obtained from seed distribution station of  Jilin 

Agriculture University. One hundred (100) wheat 

seeds or maize seeds were collected separately and 

weighed with a balance, then recorded the weight. 

The thousand weights were calculated with ten of  

hundred weights. 

3.2 Germination experiments: Seeds were 

surface sterilized in 0.58% sodium hypochlorite 

solution for 1 min, subsequently washed with 

distilled water and air-dried before being used in the 

germination experiments to avoid fungus attack. 

Petri dishes (90 mm) containing two disks of  

Whatman No.1 filter papers with 5 mL (50 seeds of  

wheat) or 10 mL (20 seeds of  maize) of  different 

PEG solution were prepared. The PEG volume was 

depended on the weight of  seeds. Germination 

experiments were conducted in incubators set at 

10°C, 15°C, 20°C, and 25°C. Seeds were germinated 

in distilled water (0), and 5%, 10%, 15%, 20%, and 

30% PEG solutions under these temperatures. A 

completely randomized design and 4 replicates of  

each treatment were used in plant growth chambers 

under 16:8 h light and dark conditions with 12000 

LUX. The germinated seeds were counted by 

emerging radicle elongating to 2 mm during 7 days 

of  germination. Distilled water was added to each 

Petri dish every day to maintain PEG concentration 

near the garget levels throughout the germination 

period.  

3.3 Germination percentage and seedlings 

growth determination: The germination 

percentage was estimated by germinated seeds/total 

germinated seeds at the end of  germination. All 

seeds that did not germinate under the lowest 

temperature (10°C ) after 7 days at different PEG 

treatments, were placed in new Petri dishes with 

filter paper moistened with the corresponding PEG 

solution, and incubated under 25°C for additional 7 

days to study the recovery of  germination.  

 

The recovery percentage was a/b×100, 

 Where 

 a is the total number of  seeds germinated both 

under 10°C and 25°C, b is the total number of  

seeds. At 7th day of  germination, the root and 

shoot were sampled to determine the length and dry 

biomass. Then root/shoot was calculated. 

3.4 Statistical analysis: SPSS statistics for 

Windows (version 13.0) were used to analyses data. 

A two-way analysis of  variance (ANOVA) was 

carried out to test effects of  main factors 

(temperature and drought) and their interaction on 

the germination percentage and seedlings growth. 

LSD test was used to estimate least significant range 

between means. 

 

4 RESULTS  

4.1 Thousand Weight: Both wheat and corn were 

gramineous plants; their thousand seed weight was 

about 180 g and 30 g, respectively.   

4.2 Germination percentage: The germination 

was affected by crop types, temperature and 

drought significantly, including single and combined 
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stresses (Table 1, P<0.05). When temperature were 

between 15°C and 25°C, germination percentage of  

wheat seedlings had no significant change 

(63.33-87.33%) with the increasing PEG 

concentration from 0-20%, but they nearly could 

not germinate at 30% PEG level (0-18%). When 

temperature was 10°C, germination percentage of  

wheat seedlings reduced significantly with increasing 

PEG level (0%-64.67%). The highest germination 

of  wheat was 87% at 0 PEG level when 

temperature was 25°C, the lowest was 0 at 30% 

PEG level when temperature was 10°C or 15°C. 

The germination of  maize seedlings decreased 

significantly (2.22-100%) with the increasing PEG 

level when growth temperature was between 15 °C 

and 25 °C, but they could not germinate at 10 °C 

even at 0 PEG level. The highest germination of  

corn was 100% at 0 PEG level when temperature 

was 25°C , and the lowest was 0 at 30% PEG level 

when temperature was between 15°C and 25°C, or 

0-30% PEG levels at 10 °C. The un-germinated 

seeds at 10 °C could re-germinate at 25 °C, which 

was 22.67-70.67% of  wheat and 0-97.78% of  corn, 

respectively (Figure 1).  

 

Fig. 1:  Low temperature and drought condition effects on germination percentage of  wheat and maize. 

 

Comparing the germination characteristic of  wheat 

and maize seeds, germination percentage of  wheat 

was lower than that of  maize when temperature was 

25 and 20 °C under 10% PEG level. When the 

PEG level was higher than 20% or 15%, 

germination of  wheat was higher than that of  maize. 

When the temperature was as low as 15 and 10 °C 

and drought was over 5%, wheat seeds was also 
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higher than maize at germination. 

4.3 Seedlings Growth: Early seedlings growth 

was also affected by single and combined effects of  

crop types, temperature and drought significantly, 

including length and weight of  shoot and root 

(Table 2, P<0.05).  

 

Table 2: The significance analysis of main factors and their interaction on seedlings length and biomass of 

wheat and maize 

Index Crop types Temperatures Drought C×T C×D T×D C×T×D 

Df 1 3 5 3 5 15 15 

Root length 166.56*** 307.44*** 159.58*** 49.15***  13.02*** 22.51***  6.26*** 

Shoot length 758.90*** 217.92*** 126.90*** 109.42***  49.92*** 18.51***  9.84*** 

Shoot biomass 16.08*** 1272.67*** 632.78*** 324.37***  84.33*** 134.59***  74.76*** 

Root biomass 840.81*** 561.43*** 361.02*** 6363.23***  177.67*** 64.75***  51.48*** 

Root/shoot 73.88*** 50.11*** 25.36*** 21.26***  13.56*** 9.66***  7.13*** 

*** means significant difference at p<0.001. 

 

Wheat seeds could germinate under 10 °C or 30% 

PEG level, but they could not grow as a healthy 

seedling. So, the length and biomass value of  these 

treatments, were 0. Wheat seedlings length 

increased first and then decreased with the biggest 

value at 10% PEG level with the increasing PEG 

levels, when they grew at 25 °C and 20 °C. However, 

the shoots length of  wheat reduced significantly. 

With the decreasing temperature, the shoot and 

root length of  wheat seedlings all increased first 

then decreased with the biggest value at 20 °C, 

when drought stress intensity was lower than or 

equal to 15% PEG level, and they decreased 

straightly at 20% PEG level significantly. Different 

from that of  wheat seeds, both shoot and root of  

maize seeds decreased markedly with the increasing 

PEG levels and decreasing temperature. Shoot and 

root biomass of  wheat seedlings did not change 

significantly under 15 °C, 20 °C and 25 °C when the 

PEG level was lower than 15%, but decreased when 

at 20%. Wheat root biomass had a similar tendency 

of  root length, which was increased first then 

decreased. Biomass of  maize seedlings decreased 

with the increasing drought stress and decreasing 

temperature.  
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Fig. 2: Low temperature and drought condition effects on seedlings biomass of  wheat and maize. 

 

4.4 Root/shoot: There was no significant 

difference of root/shoot when PEG levels were 

lower than 15%, but they increased with the 

decreasing temperature in wheat seedlings. This 

result also support that wheat had activity to 

resistant low temperature and drought stress by 

extend root. There was no regular change of maize 

seedlings root/shoot under different temperature 

and drought stress. There was no change happening 

under 25 °C when the PEG level was lower than 

15%. Although root/shoot of maize seedlings 

increased with the drought stress, they were not 

significant under 15 °C and 20 °C.
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Fig.3:  Low temperature and drought condition effects on root/shoots of  wheat and maize  

 

5 DISCUSSION  

5.1 The cross stresses effects on crops’ 

germination and seedlings growth: Both low 

temperature and drought and their interaction 

decreased the germination of  wheat and corns. Low 

temperature or drought could enhance the damage 

on the crops. And both wheat and maize seeds 

could germinate effectively after removing the stress 

conditions. Low temperature did not destroy their 

seeds germination ability. Low temperature 

inhibited the germination process of  two kinds of  

seeds significantly. The un-germinated wheat seeds 

at 10 °C could re-germinate at 25 °C (Figure 1), 

after the removal of  low temperature stress, which 

final germination was improved from 0-64.67% to 

22.67-70.67%. The germination of  corn was 

increased from 0 to 0-97.78%. Just like Lasia spinosa, 

which final germination increased from 0 to 78% 

when they were transferred to 25 °C from 10 °C 

(where none of  the seeds germinated) (Tang and 

Long, 2008). It showed that the two crops seeds still 

keep activity under low temperature, which only 

prolonged the germination time. If  there was a cold 

temperature in spring, the crops seeds would go on 

to germinate after the cold temperature was over.   

Low temperature and drought inhibited the growth 

of  plants seedlings, and they changed the 

physiological characteristic in plants. Such as, they 

inhibited the growth of  oil palm seedlings, and oil 

palm possibly showed different response 

mechanisms under low temperature and drought 

stress (Cao et al., 2011). Wheat seedlings length 

increased first and then decreased with the highest 

value at 10% PEG level and 20 °C, especially the 

root. The result indicated that moderate 

temperature and drought stress could promote 

wheat growth effectively. Increased shoot and root 

length and stable root biomass under low 

temperature and drought stress was the growth 

adaptation of  wheat to both stresses (Table 3; 

Figure 2). Wheat root played an important role in 

resistant to drought stress and low temperature, 

they will get much more water by extend root and 

get more photosynthetic energy by extend shoot 

length. Maize seedlings had weaker resistance to low 

temperature and drought relative to wheat. 
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Table 3:  Seedlings length of wheat and maize under different temperature and drought conditions  

Index      Temperature 

(°C)         Drought Treatment     
0 5% 10% 15% 20% 30% 

Wheat       

Root length 25 5.23±2.03 6.08±0.80 7.19±0.66 5.93±0.56 3.51±0.42 0  

(cm) 20 9.72±0.84 9.56±1.1 9.84±2.92 6.60±0.31 2.89±0.24 0  

 15 6.01±0.84 5.51±0.11 5.28±0.95 4.56±0.70 1.89±0.17 0  

 10 0 0 0 0 0 0  

Shoot length 25 6.89±0.63 6.46±0.21 6.04±0.24 4.67±0.12 2.62±0.19 0  

(cm) 20 8.14±0.23 7.98±0.39 8.12±3.55 5.01±0.38 1.26±0.19 0  

 15 5.05±0.35 4.19±0.30 3.22±0.60 2.76±0.32 0.71±0.07 0  

 10 0 0 0 0 0 0  

Maize       

Root length 25 8.12±2.11 7.15±1.19 5.96±0.45 3.56±0.31 1.47±0.31 0  

(cm) 20 6.66±0.61 4.73±0.97 3.03±0.39 2.02±0.22 0.82±0.47 0  

 15 3.00±0.33 2.18±0.23 1.68±0.09 1.01±0.17 0 0  

 10 0 0 0 0 0 0  

Shoot length 25 3.14±0.46 2.66±0.27 1.6±0.19 0.77±0.08 0 0  

(cm) 20 1.35±0.11 0.88±0.25 0.43±0.13 0 0 0  

 15 0.62±0.06 0.45±0.09 0.17±0.04 0 0 0    10 0 0 0 0 0 0  

 

5.2 The difference of  wheat and corn 

adapted to drought and low temperature: 

Although there was no corresponding research 

conclusion about the germination and seedlings 

growth comparison among different seeds sizes of  

crops varieties, articles about seed size or seed mass 

effects on the seedlings performance and 

establishment in the same varieties had been 

reported (Du and Huang, 2008; Blade and Vallejo, 

2008; Willenborg et al., 2005). Seed germination and 

total, shoot and root biomasses of  seedlings were 

significantly and positively affected by seed size in 

Euterpe edulis (Pizo et al., 2006). Small seed such as 

wheat had more resistance to low temperature and 

drought than big seed like maize. Wheat seeds 

ensured higher germination percentage from 10 °C 

to 25 °C (60-90%) (Figure 1). However maize could 

not germinate until it was over 10 °C. The results 

indicated that the resistance of  wheat to low 

temperature and drought was higher than maize. If  

the temperature and water condition was good 

(temperature was between 20 to 25 °C; water 

condition was lower than PEG 5%), it would be 

suitable for maize growth. The climate in northeast 

of  China was always good, it was the reason why 

maize was planted in large areas and with high 

productivity. This high yield has reduced 

significantly once the temperature and water 

condition changed, due to simultaneous drought 

and low temperature. Therefore, the manager in 

maize planting zones of  Northeast China needs to 

delay the planting time of  maize until the 

temperature improves and water condition changes. 

However, the resistance of  wheat seeds to cold and 

drought was better than maize. The ability of  plants 

to resist drought and cold was related to the seed 
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size. The big size seeds could absorb enough water 

to help germinate and grow at moderate 

temperature and water condition. When they were 

under low temperature and drought condition, the 

big seed need more water and temperature to help 

germination, but this is not available under the 

severe growth condition. In contrast, wheat seeds 

were smaller size and low weights, need less 

temperature and water for proper germination.  

 

 

6 ACKNOWLEDGMENTS  

The research was funded by National Natural 

Science Foundation of China (31100403), National 

Basic Research Program of  China (No: 

2012CB956100), the Key Project of Ministry of 

Education of P. R. China (106063), Key Laboratory 

of  Vegetation Ecology, Ministry of  Education. 

 

7 REFERENCES 

Almeida-Rodriguez AM, Cooke JEK, Yeh F. and 

Zwiazek JJ: 2010. Functional 

characterization of  drought-responsive 

aquaporins in Populus balsamifera and 

populus simonii×balsamifera clones with 

different drought resistance strategies. 

Physiologia Plantarum 140: 321-333. 

Blade C. and Vallejo VR: 2008. Seed mass effects on 

performance of  pinus halepensis Mill. 

Seedlings sown after fire. Forest Ecology and 

Management 255: 2362-2372. 

Cao HX, Feng ML, Sun CX, Chen ST, Chen LQ. 

and Wang GM: 2010. Effect of  low 

temperature and drought stress on 

physiological characteristics of  Arecanut 

(Areca catectu L.) seedlings. Southwest China 

Journal of  Agricultural Sciences 23 (3):832-835. 

(in Chinese with English abstract) 

Cao HX, Sun CX, Shao HB. and Lei XT: 2011. 

Effects of  low temperature and drought on 

the physiological and growth changes in oil 

palm seedlings. African Journal of  

Biotechnology 10 (14): 2630-2637. 

Cheng YQ. And Zhang PY: 2005. Regional patterns 

changes of Chinese grain in production and 

response of commodity grain base in 

northeast China. Scientia Geographica Sinica 

25 (5): 513-520. (in Chinese with English 

abstract) 

DaMatta FM. and Ramalho JDC: 2006. Impacts of  

drought and temperature stress on coffee 

physiology and production: a review. 

Brazilian Journal of  Plant Physiology 18 

(1):55-81. 

Dong XB, Bi HG, Liu YX, Yu JH and Ai XZ: 2011. 

Relationship between cross adaptation to 

drought-low temperature and 

osmoregulation in cucumber seedlings. 

Scientia Agricultura Sinica 44 (2). (in Chinese 

with English abstract) 

Dong XB: 2011. Research on cross adaptation of  

cucumber seedlings to drought-low 

temperature. Shandong Agricultural 

University, Doctor dissertation (in Chinese 

with English abstract) 

Du YJ. and Huang ZL: 2008. Effects of  seed mass 

and emergence time on seedling 

performance in Castanopsis chinensis. 

Forest Ecology and Management 255: 

2495-2501. 

Egli DB, TeKrony DM, Heitholt JJ. and Rupe J: 

2005. Air temperature during seed filling 

and soybean seed germination and vigor. 

Crop Science 45: 1329-1335. 

Grime J: 2001. Plant strategies, vegetation processes 

and ecosystem properties. 2nd edition. Uk, 

Chinchester. 

Hay F. and Probert R: 2008. and Dawson M. 



Journal of Animal &Plant Sciences, 2014. Vol.21, Issue 1: 3212-3222 
Publication date 31/3/2014, http://www.m.elewa.org/JAPS; ISSN 2071-7024 

3221 

 

3221

 

Laboratory germination of  seeds from 10 

British species of  Potamogeton. Aquatic Botany 

88:353-357. 

Jiang FY, Li Y. and Weng BQ: 2002. Review on 

physiology of chilling stress and chilling 

resistance of plants. Fujian Journal of 

Agricultural 17（3）: 190-195. (in Chinese 

with English abstract) 

Khan MA. and Guhar S: 2003. Germination 

responses of Sporobolus ioclados: a saline 

desert grass. Journal of Arid Environments 53: 

387-394． 

Khan MA. and Ungar IA: 1997. Effects of 

thermoperiod on recovery of seed 

germination of halophytes from saline 

conditions. American Journal of Botany 84: 

279–283. 

Li C, Berninger F, Koskela J. and Sonninen E: 2000. 

Drought responses of Eucalyptus microtheca F. 

Muell. Provenances depend on seasonality 

of rainfall in their place of origin. Australian 

Journal of Plant Physiology 27:231-238. 

Ma HY, Liang ZW. and Kong XJ et al: 2008. Effects 

of salinity, temperature and their 

interaction on the germination percentage 

and seedlings growth of Leymus chinesis 

(Trin.) Tzvel. Acta Ecologica Sinica 28( 10) : 

4710-4717. (in Chinese with English 

abstract) 

Ma R. and Yang GH: 2000. The resistance of  Coix 

lacryma seedlings to drought and low 

temperature. Agriculture and Technology 20 (5): 

41-42,45. (in Chinese with English abstract) 

Ma SQ, Xi ZX. and Wang Q: 2003. Research on 

risk assessment of corn to low temperature 

and chilling stresses in northeast of China. 

Journal of National Disasters 12 (3): 137-141. 

(in Chinese with English abstract) 

Pizo MA, Allmen CV. and Morellato PC: 2006. Seed 

size variation in the palm Euterpe edulis and 

the effects of  seed predators on 

germination and seedlings survival. Acta 

Oecologica 29: 311-315. 

Prasad TK: 1997. Role of catalase in inducing 

chilling tolerance in preemergent maize 

seedlings. Plant Physiology 114: 1369- 1376. 

Shao HB, Chu LY, Jaleel CA. and Zhao CX: 2008. 

Water-deficit stress-induced anatomical 

changes in higher plants. Plant biology and 

pathology 331: 215-225. 

 Sun SJ, Li JM, Zong JW, Yao YZ. and Chen KL: 

2012. Effects of  sub-low temperature and 

drought stress on root morphology and 

leaf  structure of  tomato seedlings. Chinese 

Journal of  Applied Ecology 23 (11): 3027-3032. 

(in Chinese with English abstract) 

Tang AJ. and Long CL: 2008. Seed germination of  

Lasia spinosa as a function of  temperature, 

light, desiccation, and storage. Aquatic 

Botany 89(4):352-356. 

Ungar IA: 1996. Effects of salinity on seed 

germination, growth, and ion accumulation 

of Atriplex patula (Chenopodiaceae). 

American Journal of Botany 83: 604-607. 

Willenborg CJ, Wildeman JC, Miller AK, Rossnagel 

BG. and Shirtliffe SJ: 2005. Oat 

germination characteristic differ among 

genotypes, seed sizes, and osmotic 

potentials. Crop science 45:2023-2029. 

Woltz J, TeKrony DM. and Egli DB: 2006. Corn 

seed germination and vigor following 

freezing during seed development. Crop 

Science 46: 1526-1535. 

Wu HJ, Hu JJ, Yang F. and Cao CL: 2007. 

Relationship between changes of  active 

oxygen scavenging system of  wheat under 

drought and chilling cross-stress and 

cross-adaptation. Agricultural Research in the 

Arid Areas 4 (5) 207-211. (in Chinese with 

English abstract) 

Zhai PM, Sun AJ. and Ren FM. et al : 1999. Changes 

of climate extremes in China. Climate Change 



Journal of Animal &Plant Sciences, 2014. Vol.21, Issue 1: 3212-3222 
Publication date 31/3/2014, http://www.m.elewa.org/JAPS; ISSN 2071-7024 

3222 

 

3222

 

42(1): 203-218. (in Chinese with English 

abstract) 

Zhao JF, Yan XD. and Jia GS: 2008. The responses 

of net primary productivity and carton 

budget of forest in northeast of China to 

climate change. Acta Ecological Sinica 28 (1): 

92-102. (in Chinese with English abstract) 

Zhao JF, Yang XG. and Liu ZJ: 2009. Influence of 

climate warming on serious low 

temperature and cold damage and 

cultivation pattern of spring maize in 

northeast China. Acta Ecologica Sinica 29 (12): 

6544-6551. (in Chinese with English 

abstract) 

 


