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Abstract 
The modified AnM through exposing the extra elongated hypocotyls in combination with film mulching has proved effective in improvements in 
plant growth and shell yield by inducing xerophytophysiological regulations such as osmotic adjustment. In the present experiment, black film and 
white transparent film were compared in the modified AnM technique in the peanut crop. Results showed that black film and white film were equally 
effective in improvements in plant growth, photosynthesis, and the final shell yield if the AnM practice was adopted. As shown by pressure-volume 
curve analysis, inducing the hypocotyl elongation and exposing it to light and dry air induced osmotic adjustment and the consequent increases in leaf 
turgor and the symplastic water fraction. This result was confirmed by the direct measurements of the solutes such as sugars and proline, which were 
increased by hypocotyls exposition, as well as the protein, which was instead decreased. Excised leaf transpiration declining curve analysis suggested 
that exposing hypocotyls decreased cuticular transpiration by strengthening the leaf surface structure. In conclusion, hypocotyl exposing treatment 
in the modified AnM technique could induce xerophytophysiological regulations such as osmotic adjustment and leaf surface structure strengthening, 
thereby improving leaf photosynthesis, plant growth, disease resistance and the final shell yield. 

Key words: AnM technique, drought, osmotic adjustment, peanut (Arachis hypogaea L.), signal transduction, xerophytophysiology. 

Introduction 
Most cultivars of peanut crops grown in Japan and China belong 
to Arachis hypogaea, the Virginia type. Similarly as most of the 
legumes, during the germination of a peanut seed, the hypocotyl 
first elongates in the soil and send the cotyledons out of the soil 
surface. When the cotyledons meet light, the hypocotyl stops 
elongation. In many cases, the cotyledons meet light and the 
hypocotyl stops elongation when the light penetrates into the 
soil and irradiates the cotyledons because of soil surface cracking, 
especially in drought conditions. In these cases, cotyledons 
remain under soil surface and the first pair of branches develops 
from the cotyledon node and suffers the adverse conditions such 
as low light and high humidity under soil surface. The early 
branches develop their flowers, which pollinate by themselves, 
develop pods and set seeds earlier than usual. The early pods 
have several disadvantages: 1) using up the carbohydrates 
produced by the young plant that has not developed enough and 
so inhibiting the plant development by nutrition competition; 2) 
inducing a signal to inform the plant that it has already had offspring 
and making the plant to be lazy or lose its crisis sense in further 
seeds producing; and 3) the ripen early pods would rot in soil, 
infected by fungi that produce aflatoxin, which in turn contaminates 
other pods 1. Therefore, the peanut producers have tried many 

practices to lift up the cotyledon node out of the soil surface. At 
first, they clear the soil around the seedling away to expose the 
cotyledon node. It is called “Qingke” in Chinese language, meaning 
“clearing soils around the seedling” 2. In order to solve this problem 
in peanut production, Shen, a Chinese peanut crop scientist, has 
proposed the so-called AnM technique, i.e. inducing hypocotyls 
elongation, exposing the elongated hypocotyl to light and dry air, 
and earthing up soils to welcome the late pegs 3. The letters, A, n, 
and M, refer to the cross-section shapes of the ridge at different 
stages. The letter “A” shows the cross-section of the ridge after 
seeds are sown; the letter “n” shows the ridge cross-section at 
the seedling stage when soils around the hypocotyls are removed 
away and the hypocotyls are exposed; and the letter “M” shows 
the ridge cross-section at the full blossom stage when soils on 
both sides of the ridge are earthed up to welcome the late pegs. 
The yield increase by AnM technique has reached up to 30% 1. 
Agronomic advantages and the related mechanisms for yield 
increasing effect by AnM technique have been well examined 4. 
The physiological basis for the yield increase by AnM method 
has been reported 5. The peanut plants treated with AnM technique 
showed thicker base part of the shoot and stronger plant stand in 
deeper green than plants in control plots. Results of analysis 
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have suggested that improvements in photosynthesis and shield 
yield are resulted from the stimulation-induced 
xerophytophysiological regulations such osmotic adjustment and 
strengthening of leaf surface structure. In order to practice the 
AnM technique easily by machine, Shen et al. 4 again proposed a 
modified AnM technique in combination with film mulching. The 
modified technique has been adopted in peanut production in 
China. AnM technique has proved the same effective in addition 
to the high yield improvement by film mulching techniques 4. The 
previous experiment of the present research proved that the yield 
increase by a black bio-degradable film reached up to 47% and the 
AnM technique resulted in a yield increase of 16% over the 47% 
yield increase by film mulching in Matsumoto highland area with 
a cold spring weather  6. The added effect of AnM plus film mulching 
reached 77%. The mechanisms for the yield improvements were 
clarified by analyses of the pressure-volume curve and the excised 
leaf transpiration declining curve. The results suggested that both 
AnM and film mulching techniques induced xerophyto- 
physiological regulations such as leaf turgor improvement by 
osmotic adjustment and water loss avoidance by strengthened 
leaf surface structure. However, the osmotic adjustment was 
confirmed through indirect analysis such as the P-V curve analysis 
and it was not clear whether concentration of the related solutes 
really increased or not. Therefore, in the present experiment, 
concentrations of some solutes related with osmotic adjustment, 
such as sugars and proline as well as the protein which would be 
related with the amino acids, were measured in addition to the P- 
V curve analysis. In the previous experiment 5, with the design 
coped with nature farming philosophy, a bio-degradable black 
film made of corn starch, which proved no pollution to the 
environment, was used. However, in the actual production, white, 
transparent polyethylene plastic films are often used. Because 
the films are transparent, weeds cannot be suppressed completely 
as the black film did. The effect of increasing soil temperature 
might be different between the transparent and black films. 
Therefore, in addition to confirm the effect of the modified AnM 
technique, the effect was also compared between the white 
transparent and black films. 

Materials and Methods 
Experiment site: The experiment was conducted on an organic 
farm located in the suburb of Matsumoto City, Nagano Prefecture, 
Japan (36°122’N, 137°482’E; 700 m above sea). The climate was 
characterized by a central highland with annual precipitation of 
1016 mm and average high and low temperatures of 17.6 and 6.3ºC. 

Soil properties, plant materials and treatments: The soil 
belonged to Andosol, a kind of volcano ash. The soil properties 
were characterized by pH, 5.9; EC, 0.04 mS cm-1; total C and total N 
37.1 and 2.9 g kg-1, respectively, NH

4
-N, NO

3
-N, P, K, Ca and Mg, 

6.1, 4.9, 166.0, 326.0, 2845.0 and 429.0 mg kg-1,  respectively; and 
CEC (cation exchange capacity) 18.1 cmol kg-1. A biofertilizer 
fermented using rice bran, soil mill sludge and fish meal as materials 
was applied 210 g m-2 on dry mass basis on April 26, two weeks 
before sowing. The biofertilizer contained N, P and K  at 40.2, 28.3 
and 19.2 g kg-1, respectively. Five days after mulching, seeds of 
peanut (Arachis hypogaea L. cv. Chiba-Hantachi) were sown 2 
seeds into each hole. The distance was 20 cm between holes and 
90 cm between rows. A 2×2 factorial experiment was designed 

with two kinds of mulch as the main plot and AnM technique as 
the sub-treatment, placed in a 4×4 Latin Square in 4 rainout shelters, 
each contained 4 plots. 

Evaluation of disease index: Some plants were infected by the 
pathogen for the brown leaf spot, Mycosphaerella arachidis. 
The disease was indicated by both percentage of infected plants 
and the infection degree shown by the disease index (DI). The 
percentage infection of the plants was calculated from 20 plants 
in each plot. Disease index was estimated as DI = Σ(Number of 
infected leaves to a certain degree × Degree coefficient)/(total 
sample leaf number × highest degree coefficient). The degree 
coefficient was scored from 0 (no symptom) through 1 (12.5% of 
the leaf area was infected), 2 (25%), 3 (50%) and 4 (75%) to 5 
(completely infected) 7. Percentage of the rotting shells, which 
were contaminated by aflatoxin, was recorded. 

Photosynthetic measurement and analysis: With the same method 
as in the previous experiment 6, leaf photosynthesis was measured 
at different photon flux densities by using Li-Cor 6400 equipment 
(LI-COR, Inc. Lincoln, Nebraska). The light response curve was 
obtained and modeled by a mathematic equation as: 

 P
N
 = P

C 
(1-e-KI) -R

D
 

where P
C
 is photosynthetic capacity; R

D
 is respiration rate; K is 

the half time constant with the maximum quantum yield (Y
Q
) defined 

as Y
Q 

= KP
C
, and I is the PPF (photosynthetic photon flux). The 

PPF at compensation point (PPF
C
) was defined as PPF at P

N
=0. 

Measurement of leaf color: For a non-destructive, quick and 
easy determination to indicate the chlorophyll content of the plant 
leaves, the leaf color was measured using a chlorophyll meter 
(SPAD 502 Plus Chlorophyll Meter, Konica Minolta Sensing, Inc., 
Tokyo, Japan) after the photosynthetic measurement. 

Plant growth analysis: Plant growth analysis was made with the 
same method as in the previous experiment. The growth dynamic 
curve was obtained and modeled by a mathematic equation as: 

 G = G
M

[1-G
B
 (1-βt)][1+(1-βt)e-α(t-τ)]-1 -G

B
(1-βt) 

In the equation, G
M

 was the maximum increment of biomass; G
B
 

was the original biomass of the plant at the beginning; α was the 
constant related with the steep part of the curve; β was the 
constant related with sloping part of the curve before and after 
the fast growth; τ  was the time point when the biomass increment 
reached half amount of G

M
 and t was the growth time (day). The 

detailed descriptions for the model curve were reported in the 
previous paper 6. 

Pressure-volume curve analysis: Osmotic adjustment was 
evaluated by analyzing the pressure-volume (P-V) curve with the 
same method as in the previous experiment according to Xu et al. 8. 
The P-V curve was modeled by a mathematic equation as: 

 -Ψ-1={Ψ
FT

-1-π
s+a

-1[ζ
o
-β(1-ζ)-ζ

ap
]}e-α(1-ζ)+π

s+a
-1[ζ

o
-β(1-ζ)-ζ

ap
] 

In the equation, Ψ is leaf water potential at a level of relative leaf 
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water content (ζ); Ψ
FT

 is Ψ at full turgor or in saturated leaf water 
conditions; π

s+a
 is the osmotic potential (π) in the symplastic 

solution theoretically diluted by apoplastic water; (1-ζ) is leaf water 
deficit as the independent variable in this equation; β is a 
coefficient used to adjust the slope of the less sloping part of the 
curve; α is a coefficient associated with the slope of steeply 
sloping part of the curve, and ζ

ap
 is apoplastic water fraction shown 

as ζ
ap

 = ζ
FT 

- ζ
sym

 = (1 - ζ
sym

) (ζ
sym

 is the symplastic water fraction 
and ζ

FT
 is ζ at full turgor with a value of 1). The slowly sloping 

linear part of the curve with its extension crossing with the vertical 
and horizontal axes was modeled by 

-π -1 =π
s+a

-1 [ζ
FT

-β(1-ζ)-ζ
ap

] 

The detailed descriptions about the measurement and mathematic 
analysis were presented in the previous report 6. The osmotic 
concentration (C

S
) at the fully turgid status and that at incipient 

plasmolysis were calculated as follows π = -RTC
S
 or C

S 
= -π/RT, 

where R is the gas constant and T absolute temperature with a 
value for RT equal to 2437 J mol-1  9. 

Leaf water retention analysis: With the same method as in the 
previous experiment, leaf water retention ability was evaluated by 
analyzing the excised leaf transpiration declining curve, which 
was modeled as: 

 ζ=[ζ
sat

-ζ
SC

(1-βt)] e-αt+ζ
SC

(1-βt) 

In the equation, ζ  is relative water content of the excised leaf; ζ
sat

 
is the leaf relative water content at saturation before drying started; 
ζ

SC
 is the leaf relative water content at the time when the stomata 

closed; t is the time from beginning of the transpiration course;  β 
is the constant related with the slope of the second gently-sloping 
phase of the curve; and α is the constant showing the slope of 
the first steeply-sloping phase of the curve. The detailed 
descriptions and the analysis schedule were presented in the 
previous report 6. 

Measurements of osmolytes or osmotic solutes and soluble 
proteins: The main osmotic solutes in mesophyte plants are 
sugars, especially sucrose, glucose and fructose, and amino acids, 
especially proline. In the present experiment, sugars were measured 
by HPLC (Jasco) with RI-930 Detector and a column of Shodex 
SC1011 at a column temperature of 80°C and a flow rate of 1 ml min-1. 
Proline concentration was measured by spectrophotometry. 
Concentration of soluble proteins was assayed by a spectroscopic 
analytical procedure 10. 

Statistical analysis: All data were subjected to a statistical analysis 
of a 2×2 factorial using the DPS data processing system 11. 

Results 
Plant appearance in the field and weed incidence: Peanut plants 
in black mulch plots showed deeper color in green throughout the 
growth period. Peanut plants in AnM plots were also deeper in 
green than those in non-AnM plots but the difference was not so 
clear as between two kinds of mulches. Weeds throve under the 
white transparent film although the soil surface was mulched 
closely. However, the weeds grew only on both sides of the peanut 

plant row a little away from the plants or no weeds grew under or 
into plant stands. It was the peanut plant stands instead the white 
film that suppressed the weeds in the place close to plant stands. 
The weeds could be easily deleted by hand weeding or machine 
weeding. However, if the pegs had penetrated into the soil where 
the weeds throve, weeding should be avoided in order not to 
damage the pegs. In the present experiment, the weeds were easily 
deleted by hands. Black film mulching completely suppressed the 
weeds. The weeds were restricted under the film and supposed 
with little effect on peanut plant growth. The greener color of 
leaves of peanut plants in black film plots might be attributed to 
improved nutrient mineralization because of more heat was 
absorbed by the black film than by the white transparent one. 
Weeds might competitively have absorbed N in the white film plot 
and make the plants appearing in less green color (Plate 1). 

Biomass production and yield components: As shown in Table 1, 
dry mass per plant was higher in AnM than in non-AnM plots for 
both kinds of film mulching and was also higher in black film plots 
than in white film plots for both AnM and non AnM treatments. 
Dry mass of total pods and marketable pods showed similar trends 
to that of total dry mass per plant with exception that the difference 
in marketable pod dry mass was not significant between white 
and black film plots. Shell number was higher in AnM plots than 
in non-AnM plots without difference between white and black 
film plots. Shell size was not different among treatment plots. Shell 
yield per unit area of farmland was higher in AnM than in non- 
AnM plots with a significant interaction between AnM and mulch 
type. The difference in shell yield was not significant between 
white film and black film plot when AnM technique was adopted. 
The harvest index showed a trend reversely proportional to shell 
yield, i.e. a higher shell yield with a lower harvest index. 

Disease and rot shell: Peanut leaves were infected by brown leaf 
spot (Mycosphaerella arachidis) at the later growth stages and 
the disease incidence was shown by percentage infection of plants 
and disease index (DI), which showed the degree of the infection. 
Percentage of infected plants and DI were both lower in AnM 
than in non-AnM plots with small or no difference between white 
and black film plots. Rot pods from the early flowering might be 
contaminated by aflatoxin and further pollute the shell product 
and lower the product quality. Rot pods were found in non-AnM 
plots with both kinds of film mulching but almost not found in 
AnM plots. AnM technique prevented formation of early pods 
by controlling early flowering and early penetration of the pegs. 
This result was consistent with our previous experiment 5, 6. 

  

Plate 1. Weeds were suppressed by black film mulching (right in each 
photo) but not by the white transparent film (left in each photo). 
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Plant growth dynamics: As shown in Fig. 1, the dynamic curves 
of plant growth showed clear differences between AnM and non- 
AnM plots and also between white and black mulches. The 
variables from the mathematical analysis are presented in Table 2. 
The parameter G

M
 showed the maximum increment of dry mass 

per plant during the growth period and was higher in AnM than in 
non-AnM plots with a significant synergistic interaction between 
AnM and mulch type. The value of G

M
 was higher in black mulch 

plot if the AnM was adopted but showed no difference between 
mulch types if AnM was not adopted. It was suggested that black 
film was better in terms of plant growth improvement than white 
transpiration film when used in the modified AnM technique. The 
parameter G

B
was dry mass per plant at the beginning of the growth 

period and theoretically should not be different between 
treatments. The differences in G

B
between treatments might be 

attributed by the analysis errors from other factors. The coefficient 

β was related with linear change of the curve by physical factors 
and related with slope of the sloping part of the plant growth 
curve. The value of β was higher in black film mulched than in 
white film plots but showed no differences between AnM and 
non-AnM plots. The coefficient α was related to the growth rate 
in the exponential manner and proportional to the slope of the 
deep part of the plant growth curve. The value of α showed no 
significant difference either between AnM and non-AnM plots or 
between plots of different films. The parameter τ was the time 
(day) needed for the plant growth to reach half of the maximum 
dry mass increment. The value of τ was smaller in AnM than in 
non-AnM plots and also a little smaller in white film mulched 
plots than in black film plots. In overall, the main difference of 
plant growth dynamics was in the maximum dry mass increment 
(G

M
). 

Photosynthetic activities: Fig. 2 shows photosynthetic light 
response curves for peanut plants grown with white or black film 
mulching and with or without AnM treatment. The figure shows 
the visibly clear difference between the treatments. Throughout 
the whole growth period, the net leaf photosynthetic rate (P

N
) 

was higher in AnM than in non-AnM plots and also slightly higher 
in black film plots than in white film plots. The parameters from the 
mathematical analysis are presented in Table 3. Both the maximum 
photosynthetic capacity (P

C
) and maximum quantum use efficiency 

(Y
Q
) were higher in AnM than in non-AnM plots and also higher 

in black film plots than in white film plots. The coefficient K 
quantitatively equal to the reciprocal of the PPF at P

N
 = 0.63 P

C
 

showed the curvature of the curve, and was also related to the 
light saturation status of the photosynthesis. Values of Y

Q
 and K 
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Figure 2. Photosynthetic light response curves for peanut 
plants grown with white or black film mulching and with or 
without AnM treatment. 

G
M

 (g/plant) was the maximum increment of plant dry mass; β and α 
were constants; τ (day) was the time point when dry mass reached half 
of G

M
; and G

B
 (g/plant) was the base biomass at the beginning. 

Plot   GM  GB                    

WA 281.2 6.0 0.00308 0.074 95.5 

WC 248.7 6.5 0.00309 0.078 96.5 

BA 302.6 7.2 0.00346 0.076 96.5 

BC 244.4 7.9 0.00336 0.076 99.5 

Mulch    ns  *       *    ns   * 

AnM    **  *       ns    ns   * 

M×A     *  ns       ns    ns   * 

Table 2. Variables from the analysis of growth 
dynamic curve and for peanut plants 
grown with (A) and without (C) AnM 
treatment and with white transparent 
(W) and black (B) mulched. 
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Figure 1. Growth dynamic curves for peanut plants grown with 
white or black film mulching and with or without AnM treatment. 

H. index was harvest index (%) and calculated as the percentage ratio of marketable pod dry mass to total plant dry mass. ns, no significance; * and **, indicates differences 
at p<0.05 and based p<0.01 on LSD test according to ANOVA. The same explanations are also for other tables. 

         Dry mass (g pl-1)               Shell number/plant Shell size (g) Yield H. index  Disease (%)   Rot pod 

Plot Plant  Pods Mark. pods Total Marketable Total Market. (g m-2)  (%) Infected DI          (%) 

WA 261.5   123.7    114.2   66.4     53.2   1.9   2.1  558 43.7 13.4 3.4      0.3 

WC 233.4   109.9    105.6   57.4     45.3   1.9  2.3  509 45.2 26.7 7.2      1.6 

BA 286.7   130.4    117.3   70.0     54.4   1.9   2.2  564 40.9 17.5 4.6      0.2 

BC 253.5   119.5    108.2   57.7     47.9   2.1   2.3  521 42.7 22.6 5.8      1.4 

Mulch    *    *    ns   ns     ns  ns  ns    *   *   *  *     ns 

AnM    *    *     *   **      *  ns  ns   **   *  **  *     ** 

M×A   ns   ns    ns    *     ns  ns  ns     *  ns   *  ns     ns 

Table 1. Dry mass and yield components of peanut plants grown with (A) and without (C) AnM treatment 
and with white transparent (W) and black (B) mulched. 
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were proportional to photochemical activity in the whole 
photosynthetic process and thus also related to the chlorophyll 
in a limited range. In the present experiment, both Y

Q
 and K in 

black film plots did not show higher values than those in white 
film plots despite of higher chlorophyll concentration shown by 
SPAD values of the leaf color in the black film plots since the leaf 
chlorophyll concentration was at higher levels in all the plots. 
PPF

C
 was the light intensity when photosynthesis just 

compensated the consumption of respiration and was higher in 
non-AnM than in AnM plots and also higher in white film plots 
than in black film plots. The value of PPF

C
 was reversely 

proportional to photochemical activity and thus inconsistent with 
the value of Y

Q
 in the present experiment, suggesting an increasing 

effect on photochemical activity by AnM treatment. 

Osmotic adjustment and symplastic water fraction estimated 
from P-V curve analysis: As shown in Table 4, the leaf water 
potential at full turgor or at the saturated leaf water status (Ψ

FT
) 

showed no difference among treatments. The osmotic potential at 
full turgor (π

FT
) was lower in AnM plots than in non-AnM plots 

for both types of film mulching plots and a little lower in black film 
plots than in white film plots. The turgor potential at water-saturated 
conditions (P

FT
) was higher in AnM plots for both types of film 

mulching plots and also a little higher in black than in white film 
plots. Difference in leaf water potential at midday (Ψ

MD
) among 

treatments was very small but the osmotic potential at midday 
(π

MD
) was lower in AnM plots than in non-AnM plots but slightly 

higher in black film plots than in white film plots without AnM 

treatment. Consequently, P
MD

 was higher in AnM plots than in 
non-AnM plots and also slightly higher in black film plots than in 
white film plots. The improved leaf turgor potential was accountable 
for the improvements in photosynthetic activities and plant 
growth by AnM and film mulching treatments since leaf turgor 
potential was the driving force for plant to grow and for stomata 
to open in photosynthetic process. Improved leaf turgor potential 
was resulted from osmotic adjustment shown as the further 
lowered osmotic potential on the basis of similar leaf water 
potentials. C

FT
 was the osmotic concentration converted from the 

value of osmotic potential and the difference of osmotic potential 
or the osmotic concentration (∆C

FT
) over the control value showed 

the active increase in osmotic molecules caused by the 
xerophytophysiological responses and defined as the osmotic 
adjustment ability 12, 13. The parameter π

s+a
 was osmotic potential 

in the symplastic solution theoretically diluted by apoplastic water, 
showed a similar trend to π

FT
. The osmotic potential at incipient 

plasmolysis (π
IP

), when the cell wall would separate from the 
symplasm because of the symplasm shrink, was lower in AnM 
than in non-AnM plots and also slightly lower in black film 
mulching plots than in white film plots, suggesting a higher 
tolerance to cell dehydration in AnM treated peanut plants. The 
leaf or cell relative water content at incipient plasmolysis (ζ

IP
) 

showed a similar trend to π
IP

 and was lower in AnM than in non- 
AnM plots and also slightly lower in black film plots in white film 
plots. Results of π

IP
 and ζ

IP
 showed that AnM and film mulching, 

especially the black one, improved water stress tolerance in peanut 
plants. The symplastic water fraction (ζ

sym
) was larger and the 

apoplastic water fraction (ζ
apo

) was smaller in AnM than non-AnM 
plots with no difference between white and black film plots. The 
constants α and β were related with the shape of the P-V curve 
and reversely proportional to ζ

IP
 and ζ

sym
, respectively. It was 

suggested that AnM technique improved cell water conditions in 
the symplasm where biochemical functions were performed. Water 
that is more compartmented in symplasm favorites biochemical 
functions and cell turgor maintenance, especially in case of water 
deficit 14. For most parameters, there existed a synergistic 
interaction between AnM treatment and mulch film type, always 
with a better effect of AnM in black film plots. 

Leaf water retention ability: As shown in Table 5, the value of 
the coefficient α, which was quantitatively proportional to the 

Ψ
FT

, leaf water potential at full turgor; π
FT

, osmotic potential at full turgor; P
FT

, full leaf turgor potential; π
s+a

, the osmotic potential (π) in the symplastic solution 
theoretically diluted by apoplastic water; Ψ

MD
, midday leaf water potential; π

MD
, midday leaf osmotic potential; P

MD
, midday leaf turgor potential; π

IP
, osmotic 

potential at incipient plasmolysis; ζ
ap

, apoplastic water fraction and shown as ζ
ap

 = ζ
FT

-ζ
sym

 = (1-ζ
sym

), where, ζ
sym

 is the symplastic water fraction; β, a constant 
associated with the less sloping part of the curve; α, a constant associated with deep-steeply sloping part of the curve. ζ

IP
, relative leaf water potential at incipient 

plasmolysis; ∆C
FT

, increment of osmotic concentration caused by active osmotic adjustment compared with the control. 

 

Plot FT MD FT MD PFT PMD s+a IP   IP sym apo CFT CFT 

 ------------------------------(MPa)-------------------------- --(×10-3)--   --(osmol m-3)-- 

 

WA -0.23 -0.86 -1.51 -1.79 1.28 0.93 -1.27 -1.73 55.62 0.906 0.852 0.825 0.175 709.9  101.9  

WC -0.19 -0.82 -1.25 -1.53 1.07 0.71 -1.01 -1.47 49.49 0.921 0.906 0.804 0.196 608.0  0.0 

BA -0.24 -0.83 -1.57 -1.77 1.33 0.94 -1.33 -1.79 57.78 0.942 0.936 0.818 0.182 737.4  129.5  

BC -0.20 -0.85 -1.38 -1.62 1.18 0.77 -1.11 -1.63 54.54 1.015 0.942 0.784 0.216 670.0  62.0  

Mulch ns * * * * * * * * * * ns ns * ** 

AnM ns ns * ** ** ** ** ** * * * * * ** ** 

M×A ns ns * * * * * * ns * * * * * ** 

Table 4. Parameters from The P-V curve analysis for peanut plants grown with AnM method in 
combination with white film and black film mulching. 

 

Plot   PC RD      K    YQ PPFC   L. color 

WA 32.3  3.3  0.00202 0.0653 58.4     53.2 

WC 28.5  3.2  0.00186 0.0528 70.3           51.1 

BA 33.2  2.6  0.00183 0.0612 40.5     49.4 

BC 29.5  2.9  0.00169 0.0501 55.8     47.2 

Mulch   *  *      *     *  **       ** 

AnM   * ns     **    **  **        * 

M×A  ns ns      *     *  **        * 

Table 3. Parameters from the analysis of 
photosynthetic light response curve for 
peanut plants grown with (A) and without 
(C) AnM treatment and with white 
transparent (W) and black (B) mulched. 

P
C
 (µmol m-2 s-1) was photosynthetic capacity; R

D
 (µmol m-2 s-1) was the dark respiration 

rate; Y
Q
 (mol mol-1) was the maximum quantum use efficiency; and PPF

C
 (µmol m-2 s-1). 
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stomatal transpiration level, was larger in the excised leaves of 
peanut plants in AnM than in non-AnM plots and also slightly 
larger in white film than in black film plots. The stomata closure 
point of the leaf relative water content (ζ

SC
) was slightly lower in 

AnM than in non-AnM plots and also lower in black film than in 
white film plots. Peanut plants in AnM were suggested more 
physiologically tolerant to leaf water deficit because they could 
open stomata to maintain photosynthesis under leaf water deficit 
conditions compared with those in control plots. The time when 
stomata got closed (t

SC
) showed no significant difference between 

AnM and non-AnM plots but slightly lower in black film plots 
than in white film plots. The values of β, which was proportional 
to the level of cuticular transpiration, were lower in AnM than in 
non-AnM plots with no difference between white and black film 
plots. Leaves of peanut plants in AnM might have prevented 
water loss from the cuticular membrane by developing thicker 
cuticles and/or depositing more wax on the leaf surface, compared 
with those in non-AnM control. The constant τ, which represented 
the time when the leaf is air dried to remain 10% of relative leaf 
water content, was larger in leaves in AnM than in non-AnM 
plots with no significant difference between white and black film 
plots. In the fields of the present experiment and the previous 
experiments, peanut plants were healthier and stronger 
morphologically in AnM than in non-AnM control plots. The 
improved morphology and leaf surface structure might also have 
prevented abovementioned disease infection. 

Measured concentration of osmotic solutes and proteins: Sugars 
such as sucrose, glucose and fructose and amino acids such as 
proline are the main osmotic solutes in the cell symplasm 15. 
Especially, proline concentration is closely related to 
environmental stimulation 16. In the present experiment, 
concentration of sugars in leaves of peanut plants was higher in 
AnM plots than in non-AnM plots 3 days after the hypocotyls 
were exposed to light and dry air with no significant difference 
between white and black film plots (Table 6). Even 30 days passed 
after hypocotyl exposition treatment, these differences in leaf 
sugar concentration were still clear and significant. Proline 
concentration was higher in AnM plots than in non-AnM plots 3 
days and 30 days after the hypocotyls were exposed to light and 
dry air but also higher significantly in black film than in white film 
plots. Concentration of proteins was lower in AnM plots than in 
non-AnM plots 3 days after the hypocotyls were exposed, but 
this difference reversed 30 days after hypocotyls were exposed. 
The proteins might be broken down into osmotic amino acids in 
response to the stimuli and were compensated by the regulation 

mechanisms one month later. The results of direct measurement 
of the above mentioned osmotic solutes confirmed the results of 
P-V curve analysis. In overall, it was suggested that active 
increases in osmotic solutes decreased the leaf osmotic potential 
on the basis of a similar leaf water potential and consequently 
maintained a high leaf turgor potential, which in turn improved 
leaf photosynthesis and plant growth. 

Discussion 
Film mulching technique has been vast adopted in peanut 
production in China and other Asian countries 17. The expected 
and already confirmed effects of film mulching are 1) increasing 
soil temperature, 2) maintaining soil moisture and 3) controlling 
weeds 18. The shell yield increase is in a range of 750 to 1500 kg per 
ha or in percentage range of 16-26% in the scale of large area 
production. In our previous experiment, the yield improvement by 
mulching with a biodegradable black film similar as used in the 
present experiment reached 44% and the yield increasing effect 
by film mulching was higher than that by any other agronomic 
technique. This might be because of fertilizer was all organic and 
the spring was cold in Matsumoto highland area. The film mulching 
warmed up the soil and increased mineralization of the organic 
fertilizer. In addition to the base of film mulching technique, Shen 
et al. 4 proposed a modified AnM technique, whereby the normal 
AnM technique was combined with the film mulching technique 
in peanut production and vast adopted by farmers in China . In 
our previous experiment, the shell yield was significantly increased 
by both AnM and mulching treatments with significant synergistic 
interaction. Even on the base of such a high yield increment, 
AnM treatment still increased shell yield by 19% in addition. The 
combined yield increasing effect of AnM and film mulching reached 
as high as 71%. At the beginning, both AnM and film mulching 
techniques were adopted as agronomic practices with the expected 
effects for film mulching as increasing soil temperature, maintaining 
soil moisture and suppressing weeds, and for AnM technique as 
sending the cotyledon node out of the soil surface by the elongated 
hypocotyl. However, at the beginning, the effects were not 
expected from environmental stimulation, signal transduction and 
the xerophytophysiological regulations. Xu proposed a theory of 
applying xerophytophysiology and signal transduction in plant 
production 13. According to this theory, the expected consequences 
such as high sugar content of fruit, healthy crop and improved 
crop yield can be induced by imposing an artificial stimulus to the 
unstressed plants, which perceive the environmental stimulus, 
send the signal to the internal gene systems, activate some related 

 

Plot   sc   tSC              

WA 0.793  2.99 0.889 0.0080 108.2 

WC 0.847  2.80 0.648 0.0112 91.4  

BA 0.714     3.66 0.842 0.0078 112.2 

BC 0.790  3.75 0.562 0.0109 87.7 

Mulch   **    *   *    ns  ns 

AnM    *   ns  **    **  ** 

M×A    *   ns   *    ns  ns 

Table 5. Variables from the analysis of excised 
leaf transpiration declinging curves. 

ζ
SC

 was the leaf relative water content at the time when the stomata closed; β 
was the constant related with the slope of the second gently-sloping phase of 
the curve; α was the constant showing the slope of the first steeply-sloping 
phase of the curve.τ is the time used to dry the excised leaf to a relative water 
content of 0.10. 

Plot ---Sugars--- ---Proline--- --Proteins-- 

 3d 30d 3d 30d 3d 30d 

WA 19.2 21.7 87.6 32.7 14.8 16.7 

WC 15.4 17.8 39.2 14.6 19.4 15.2 

BA 18.3 22.6 93.6 39.4 16.9 21.6 

BC 15.1 18.7 45.8 28.6 21.4 19.1 

Mulch ns ** ** ** * * 

AnM * * ** ** * * 

M×A * * * * ns * 
_________________________________________________ 

Table 6. Concentrations (mg kg-1) of osmotic 
solutes such as sugars and proline 
as well as soluble proteins. 



     674 Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012 

genes and lead to the expected regulations 19, 20. The theory of 
xerophytophysiology has been applied to tomato crops by 
restricted irrigation 7, low air humidity 21 and canopy blue light 
irradiation, to sorghum by exposing the mesocotyl 22, to garlic by 
exposing the cloves 23, and to potato by partial rootzone drying 8. 
Actually, both AnM and film mulching techniques belong to 
applications of xerophytophysiology in plant production. AnM 
treatment induced osmotic adjustment by the stimulus of exposing 
the hypocotyls to light and dry air, where the hypocotyls usually 
grow in soil instead exposed. Mulching creates conditions of low 
humidity, mild dry soil and high soil temperature and low air 
humidity above the mulch 18. For example, a small and low film 
tunnel with the soil mulched on the soil surface can create a desert 
air conditions for watermelon crop inside the tunnel but the water 
uptake from the roots was sufficient. The dry conditions in the 
tunnel did not cause a real drought. In our previous experiment, it 
was confirmed that mulching with biodegradable black film also 
induced osmotic adjustment that accounted for improvements in 
photosynthetic activities, plant growth and shell yield of the 
peanut crop 6. However, in practice of peanut production, most 
used are white transparent films instead the black ones. Of course 
films used in combination with AnM technique are also white 
transparent ones. In the present experiment, effect of AnM was 
compared between using white and black films and it was found 
that mulching by white and black film both induced 
xerophytophysiological regulations whereby photosynthesis, 
plant growth and shell yield were improved. The black film mulching 
completely suppressed weeds but the transparent film could not 
completely suppress weeds. The weeds throve along both sides 
of the peanut crop row. The yield increasing effect was also slightly 
lower in white film mulching plots than in black film plots. 

                                           Conclusions 
Black film was better than the white transparent one in peanut 
production, especially when combined to the AnM technique. 
However, in case the manufacture of the biodegradable film cannot 
sufficiently meet the demand in agricultural production, the white 
transparent one can also be a good option. The AnM technique 
was equally effective in combination with both the transparent 
and black film. 
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