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Abstract. Organic acids obviously affect plant survival and growth under soil nutrient 

deficiency condition. Variable proportion A1 and C horizon mixed cold temperate 

brown coniferous forest soils was applied to make soil nutrient deficiency condition, 

and then Larix gmelinii seedlings were planted in these soils. On the basis of oxalic acid 

concentration range of forest litter leacheate at the northeast forest region, oxalic acid 

solution with different concentration was sprayed on the surface of Larix gmelinii 

seedlings, and the effects of oxalic acid on physiological-biochemical traits of cold 

temperate Larix gmelinii seedlings were studied in our experiment. Results showed that 

the electrical conductivity and MDA content of Larix gmelinii seedlings were 

decreased with the increase of oxalic acid concentration. Most SOD and POD activity 

of Larix gmelinii seedlings were increased. 5.0mmol·L
-1

 oxalic acid has significant 

effects on proline and soluble protein osmotic adjustment substances. And Larix 

gmelinii seedlings grew well at the concentration of 10.0mmol·L
-1

 oxalic acid. 

Introduction 

Soil nutrient as an impact factor plays an important role in soil fertility. Soil nutrient 

deficiency restricts plant growth and biomass accumulation directly, so far as to plants 

damage and survival. So it is a multidisciplinary hotspot about plant response and 

adaptation regularity to soil nutrient deficiency all the time. organic acids (low 

molecular organic acids) is a ubiquitous substances in forest ecosystem, whose vital 

function that highly accelerates soil nutritive substances activation and release, and 

augments plants availability [1]. Larix gmelinii is a crucial native tree in northeast 

forest region, and due to its high surviving and adaptive rate, therefore, it is regarded as 

afforestation pioneer and optimizing tree species of forestry reclamation in northeast 

area. However, the survival and growth of Larix gmelinii is still limited at the serious 

soil nutrient deficiency. Hence, it is important to improve Larix gmelinii resistance to 

above condition. 

In our study, we made nutrient deficiency soil and transplanted Larix gmelinii 

seedlings, and sprayed simulated appropriate oxalic acid on seedlings repeatedly. And 

effects of oxalic acid on physiological-biochemical traits of cold temperate Larix 

gmelinii seedlings under soil nutrient deficiency was studied in order to find feasibility 
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mechanism that oxalic acid improve the resistance of Larix gmelinii seedlings to soil 

nutrient deficiency, and improve infertile soil and the quality of forest establishment.  

Materials and Methods 

Experiment was conducted in Huzhong National Natural Reserve of Great Khingan 

Mountains. Firstly, A1 and C horizon cold temperate brown coniferous forest soil(the 

proportion of A1 and C horizon soil equals 50% respectively) was mixed to make soil 

nutrient deficiency condition, and then Larix gmelinii seedlings were transplanted into 

soil nutrient deficiency soil. During seedlings recovering with normal illumination and 

water in greenhouse, the average height and ground diameter of seedlings were 4.3 cm 

and 1.05 cm, respectively. Secondly, we prepared oxalic acid solution refer to local 

representative forest litter leacheate concentration [2], including 0, 0.2, 1.0, 5.0, 10.0 

mmol/L, and 0 mmol/L oxalic acid as control. And seedlings were sprayed uniformly 

with above different oxalic acids at 18:00 until surface was moist, one time per 4 days, 

totally 7 times. In the end, 11~20 mature needles were collected randomly after 30 days, 

and was determined their relative electrolytic leakage, malonaldehyde (MDA), 

superoxide dismutase (SOD), peroxidase (POD), proline (Pro), soluble protein 

instantly. And the relative electrolytic leakage was measured by Shanghai DDS-6700 

conductometer, MDA content was measured with thiobarbituric acid chromatometry 

(TBA) method, SOD  and POD activity were measured by nitroblue tetrazolium 

photochemical reduction (NBT) method and guaiacol colorimetric method respectively, 

and Pro content and soluble protein content were measured by acidic ninhydrin method 

and Coomassie brilliant blue G-250 staining method. Each process repeats 3 times. 

Results 

Effect of Oxalic Acid on Larix gmelinii Seedlings Cellular Membrane System 

under Soil Nutrient Deficiency Condition 

After oxalic acid treatment, the relative electrolytic leakage of Larix gmelinii seedlings 

was gradually decreased with the rise of oxalic acid concentration in the range of 

0.2~10.0mmol·L
-1

, it suggested the cell membrane permeability was gradually 

decreased, and this illustrated that high oxalic acid concentration treatment had 

opposite effect on resisting seedlings electrolyte effusion under soil nutrient deficiency 

(Fig 1a). MDA content of Larix gmelinii seedlings needles were also gradually 

decreased with the rise of oxalic acid concentration, and the decreasing amplitude reach 

3.57 %~14.28% (Fig 1b), and there was a significantly variation among all the MDA 

value with different concentration treatments (P>0.1) (Table 1). It showed the more 

oxalic acid was, the more peroxidation damage of cellular membrane system was under 

soil nutrient deficiency. 
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Fig.1(1) The relative electrolytic leakage change
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Figure 1(1) The relative electrolytic leakage change 

Fig.1(2) MDA content change

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

ck 0.2 1 5 10
oxalic acid(mmol/L)

M
D
A
 
c
o
n
t
e
n
t
(
u
m
o
l
/
g
F
W
)

 
Figure 1(2) MDA content change 

Figure 1. Oxalic acid effect on the relative electrolytic leakage of Larix gmelinii seedlings needle and 

MDA content under soil nutrient deficiency 

Effect of Oxalic Acid on Larix gmelini Seedlings Antioxidant Enzyme Activity 

under Soil Nutrient Deficiency Condition  

Experimental results showed that both the SOD and POD value of Larix gmelinii 

seedlings gradually went up after oxalic acid treatments, it indicated that SOD and POD 

activity of seedlings were gradually enhanced by their own enzymatic defense 

mechanism, which could alleviate membrane lipid peroxide level and resist the damage 

of soil nutrient deficiency. Oxalic acid has obvious effect on the seedlings SOD activity 

under soil nutrient deficiency. When the oxalic acid concentration was 1mmol·L
-1

, 

SOD activity was most obvious, and the increasing amplitude was 9.4%. It generally 

presented a peak curve changes between SOD activity and oxalic acid concentration, 

which rose first and fell later, and the value of seedlings SOD activity was higher than 

that without oxalic acid treatment all the way. On the other hand, the seedlings POD 

activity were enhanced by the addition of oxalic acid treatments under soil nutrient 

deficiency, it was most obvious for seedlings POD activity when the concentration of 

oxalic acid was at 10mmol·L
-1

, the increasing amplitude even was 70.7%, and POD 

activity generally appeared the rise trend with the increase of oxalic acid concentration 

(Fig2). 
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Figure 2. Oxalic acid effect on Larix gmelini seedlings antioxidant enzyme activity under soil nutrient 

deficiency condition 

Effect of Oxalic Acid on Larix gmelini Seedlings Osmotica Content under Soil 

Nutrient Dificiency Condition 

Proline content change without obvious rule after oxalic acid treatment, and the 

increase efficiency was obvious at 5.0mmol·L
-1

 concentration. It demonstrated that 

oxalic acids with proper concentration played an active role in Larix gmelini proline 

accumulation under soil nutrient deficiency, and there was an obvious effect that oxalic 

acids improve seedlings adaptation under nutrient dificiency. The change of Larix 

gmelini soluble protein content was similar with that of proline by adding oxalic acids, 

the value of soluble protein content also reached the peak at the oxalic acids 

concentration of 5.0mmol·L
-1

, and the value was decreasing after oxalic acid 

5.0mmol·L
-1

 treatment. To sum up, the most obvious effect of oxalic acid on Larix 

gmelini seedlings osmotica was at the concentration of 5.0mmol·L
-1

(Fig.3). 
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Figure 3. Oxalic acid effect of on Larix gmelini seedlings osmotica content under soil nutrient dificiency 

Effect of Oxalic Acid on Larix Gmelini Seedlings Growth and Biomass 

Accumulation under Nutrient Dificiency Condition  

Oxalic acid has some effect on the growth of Larix gmelini seedlings under nutrient 

dificiency condition. In our study, the growth rate of seedlings height and basal 

diameter increased more quickly than CK group when the oxalic acids concentration 

was at 0.2~10.0mmol/L, it illustrated that oxalic acids played an active role in the 

growth of Larix gmelini seedlings. From the perspective of oxalic acids concentration, 

the growth rate increased with the rise of oxalic acids concentration, and Larix gmelini 
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seedlings growth and biomass accumulation was most remarkable when the oxalic 

acids concentration was at 10.0mmol·L
-1 

(Fig.4). 
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Fig4. Oxalic acid effect on growth rate of basal diameter under nutrient dificiency condition 

Discussion  

Oxalic acid affected the cytomembrane system of Larix gmelini seedlings was studied 

under soil nutrient dificiency condition in our experiment, including conductivity and 

MDA content, which were regarded as important indicators of plant resistance and lipid 

peroxidation level [3]. Under soil nutrient dificiency, plant manifested their cell 

membrane permeability and electrolyte leakage percentage were increased firstly, and 

the conductivity and MDA content dropped accordingly. It suggested high oxalic acids 

concentration had an opposite effect on restraining seedlings electrolyte permeation, 

and exacerbated cytomembrane peroxidation damage after oxalic acid treatment. Our 

experiment results were similar with Guo Bin [4], Drazic [5] results that salicylic acid 

(SA) affected plant conductivity and MDA content. 

Organic acids with appropriate concentration promote various enzyme activities. 

Our results showed the SOD and POD activity of Larix gmelini seedlings were 

enhanced slightly after oxalic acid treatments, the SOD activity rose first and fell later, 

it generally presented a peak curve changes. all the seedlings POD activity were 

enhanced by the addition of oxalic acid treatments, and POD activity generally 

appeared the rise trend with the increase of oxalic acid concentration under soil nutrient 

deficiency. This results was general accordance with Yang Yan [6]. 

Organic acids affected plants osmotic adjustment substances, including Pro and 

soluble protein, etc., whose accumulation in plants reflected plants adaptive level under 

environmental stress. Under nutrient dificiency, we found 5.0mmol·L
-1

 oxalic acid 

effect was most obvious on Larix gmelini proline and soluble protein. However, Feng 

Xiaodong studied 1mmol/L SA effect on jujube soluble sugar and soluble protein 

content was most significant [7], it demonstrated that organic acids affected plants 

osmotic adjustment substances due to their different types and concentration. 

Seedling height and basal diameter as important morphological index could estimate 

plants growth. Previous studies has testified organic acids had obvious facilitation on 

solanum tuberosum, Brassica napus L., Cucumis sativus L, Brassica oleracea,  

fraxinus mandshurica, nicotiana tabacum height and leaf area [8,9]. Our experiment 

results showed all 0.2~10.0mmol/L oxalic acids facilitated the growth of seedling 
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height and basal diameter, the growth rate rose with the increase of concentration, and 

it was most significant at 10.0mmol·L
-1

 under soil nutrient dificiency. 
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