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Abstract
which will provide a theoretical basis for high photosynthesis efficiency breeding and application in Chinese chestnut. [ Methods] Six Chinese chestnut varieties of

[ Objectives | This study was conducted to investigate the differences of photosynthetic physiological characteristics of different varieties (strains),

Castanea mollissima ‘ Yanbao’ , C. mollissima ‘ Yanqiu’ , C. mollissima ‘ Yanchang’ , C. mollissima ‘ Yanjia’ , C. mollissima ‘ Qianxi 37’ , and C. mollissima
‘ Hybrid 22’ were used as the materials. Using the portable photosynthesis system Li-6400, we measured the photosynthetic characteristics and diurnal variation of
leaf samples of six different chestnut varieties or strains. We fitted the light response curves and photosynthetic parameters using the leaf floating model. Additional-
ly, we determined the chlorophyll content in the leaves using a UV-visible spectrophotometer. [ Results ] Among the six chestnut varieties or strains, ‘ Yanqiu’ ex-
hibited a significantly higher photosynthetic light saturation point ( P,g,) compared to other five varieties, and ‘ Hybrid 22’ ranked second, indicating that these two
varieties had the strongest adaptation to high light intensity. The photosynthetic light compensation point (P, ) of ‘ Yanchang’ was significantly higher than other
five varieties, and " Qianxi 37" ranked second, indicating that these two varieties had the strongest adaptation to low light intensity. Additionally, they exhibited
higher chlorophyll content and maintained good photosynthetic characteristics even in shaded environments with weak light stress. Varieties ‘ Yanbao’ and ‘ Yanjia’
showed higher P g, and lower P, , indicating that these two varieties have a wider range of adaptation to light intensity. They were capable of efficiently utilizing
light across a broader spectrum of intensities. ‘ Yanqiu’ had the highest maximum net photosynthetic rate (P, ,..) and the lowest dark respiration rate (R, ), along

with the highest chlorophyll content. It indicated that ‘ Yanqiu’ has strong photosynthetic capacity and organic matter accumulation ability. It also had the highest

P, , enabling it to fully utilize the high light environment of the Yanshan Mountains and possessed high light efficiency characteristics. The P, . of ‘ Yanqiu’ was

significantly higher than other varieties. ‘Hybrid 22” and ‘ Yanbao’ also exhibited significantly higher P,
chang’ had the lowest P The order of P

‘Qianxi 37 > ¢ Yanchané’ . [ Conclusions ] .
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compared with  Yanjia’ and ‘Qianxi 37°. *Yan-

n, max

among the six chestnut varieties or strains was as follows: ‘ Yanqiu’ > ‘ Hybrid 22° > ‘ Yanbao’ >  Yanjia’ >

It is of great significance to utilize mountains which are for-
bidden areas for crop production to produce as much food as possi-
ble. Chinese chestnut ( Castanea mollissima BL. ) is the world’s
most important edible chestnut, with top production, quality, and
stress resistance among all edible chestnuts in the world. It is an
ideal " woody grain" suitable for cultivation in mountainous areas
and sandy wastelands. Photosynthesis is the most important
process for fruits to obtain assimilates accumulation. Ninety to
ninety-five percent of the dry matter accumulated in fruits origi-
nates from photosynthesis, while only five to ten percent comes
from mineral elements in soil’'’. As an ecologically-oriented
woody grain tree species, Chinese chestnut is increasingly receiv-
ing attention. But the biggest challenge in Chinese chestnut pro-

duction lies in its low yield per unit area, and enhancing
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photosynthesis is an effective approach to break through the yield
limit*™*'. Like other plants, studying the photosynthesis of plants
can help explain and speculate on the energy absorption, fixation,
allocation, and conversion in the growth, development, and sub-
stance accumulation of chestnuts under the influence of internal
and external factors.

Currently, research on photosynthetic efficiency in Chinese
chestnut is significantly lagging behind. Few studies have been
conducted on the photosynthetic characteristics of different chest-
nut varieties”’ . Studying the photosynthetic physiological char-
acteristics of different varieties (strains) can provide a theoretical
basis for the selection of high photosynthetic efficiency breeding
parents for Chinese chestnuts '™*'. This study used six new Chi-
nese chestnut varieties and excellent strains as test materials:
‘Yanbao’ , ‘Yanqiu’, ‘Yanchang’, ‘Yanjia’, ‘Qianxi37’ and
‘Hybrid 22°. By studying their diurnal variation of photosynthe-
sis, photosynthetic parameters, light response curves and leaf
chlorophyll content, the photosynthetic characteristics of the six
new varieties and strains were revealed. For photosynthetic param-
eters and light response curves, the leaf gas exchange model""’
was used for fitting. The leaf gas exchange model has been widely

applied to fit photosynthetic parameters and light response curves
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in various plants such as summer maize, walnut, and bam-
boo ™™ . The leaf gas exchange model has unique advantages
compared to rectangular hyperbola models and non-rectangular hy-
perbola models because both rectangular hyperbola and non-rec-
tangular hyperbola models lack equations for extreme values, thus
they can only fit light response curves of plants in the absence of
light inhibition. In contrast, the leaf gas exchange model has ex-
treme values and can directly determine the maximum net photo-
synthetic rate and light saturation point without making any as-

1) The differences in photosyn-

sumptions based on the equations
thetic characteristics among different Chinese chestnut varieties
were studied by analyzing relevant parameters and combining with
leaf chlorophyll content analysis, providing a theoretical basis for
the breeding and promotion of high photosynthetic efficiency in

Chinese chestnut.

Materials and methods
Materials

The experimental materials were four new Chinese chestnut
varieties, namely ‘Yanbao’, ‘Yanqiu’, ‘Yanchang’ and *Hy-
brid 22", and two excellent strains: ‘ Yanjia’ and ‘ Qianxi37’.
Each variety or strain consisted of three plants, grafted and grown
for six years. The experiment was conducted at the experimental
base of Hebei Normal University of Science and Technology in
Changli County, Qinhuangdao City, Hebei Province, China (39.
55° N, 119.10° E). Plants of Castanea mollissima *Yanshandu-
anzhi’ were used as rootstocks, which were five years old at the
time of grafting. The cultivation management conditions of each
variety or strain were consistent, and their growth was all
moderate.
Methods
Determination of diurnal variation in gas exchange parame-
ters The experiment was conducted on July 25, 2023 (with clear
weather) , and healthy mature leaves from the middle portion of
the consistently growing one-year-old shoots were selected. An
LI-6400 portable photosynthesis analyzer, produced by LI-COR
Company in the United States, was used. The photosynthetic diur-
nal variation of the leaves was measured from 8:00 AM to 6:00
PM on the same day. A total of five leaves were measured, with
three repeated measurements for each leaf. Measurements were
taken every 2 h. The main measured parameters included net pho-
tosynthetic rate [ P,, pmol/( m’ - s)], stomatal conductance
[G., pmol/(m’® -

(C,, wmol/mol) , transpiration rate [ 7., mmol/(m’

s) |, intercellular carbon dioxide concentration
+s)] and
photosynthetic active radiation [ PAR, wmol/(m® -+ s)].

Measurement of the light response curve The experiment was
conducted on July 26, 2023 (a clear weather) between 9:00 —
1100 AM, Three healthy and mature leaves from the middle por-
tion of consistent-growing one-year-old shoots were measured for
photosynthetic characteristics and after that the leaves were picked

for pigment content determination. The light intensity gradients

were set as follows: 2 000, 1 500, 1200, 1 000, 750, 500, 300,

150, 100, 50, 20, 10 and O pdmol/(m2 +s), and the carbon di-
oxide concentration was set at 400 wmol/mol, and the air flow rate
was set at 500 mmol/s. Using the photosynthesis assistant soft-
ware, the characteristics of the Chinese chestnut light response
curve were analyzed. The leaf photosynthesis model was used to fit
the curve and obtain the parameter values for Apparent Quantum
Yield (7,4, mol/mol) , Light-saturated Point [ Py, , wmol/(m’
-s) ], Light Compensation Point [ P, , wmol/(m’ - s) ], Dark
Respiration Rate [R,, wmol/( m’ +s) ] and Maximum Net Photo-
synthetic Rate [P, .., wmol/(m’ +s)].
P =a L=pl_ R,
1+l
In the equation, P, represented net photosynthetic rate; I re-
presents light intensity ; o represented the initial quantum efficien-
cy of the plant’s photosynthetic response curve at I =0; P, . re-
presented the maximum net photosynthetic rate; R, represented the
dark respiration rate; @ represented the curvature parameter reflec-
ting the degree of curve of the light response curve, with a value of
0 <#<1; B represented the light inhibition term; and y represen-
ted the light saturation term.
Measurement of photosynthetic pigment contents

variety, ten of healthy and mature leaves from the middle portion

For each

of consistent-growing one-year-old shoots from different orienta-
tions of the tree were selected to measure photosynthetic pigment
contents, ten leaves per variety for each of the five replicates were
taken as materials. The 95% ethanol extraction method was used
for determination . A 0.4 g of fresh sample the surface of which
had been cleaned to remove any dirt was cut into small pieces (re-
moving the midrib) and ground into a fine powder, which was
then transferred into a stoppered test tube. Next, 10 ml of 95%
ethanol was added into the test tube using a pipette. After the
leaves turned pale, the chlorophyll extraction solution was poured
into a 1 em cuvette. Next, 95% ethanol was used as a blank con-
trol and the absorbance values at wavelengths of 663, 645 and 470
nm were measured using a UV spectrophotometer. The concentra-
tions of chlorophyll a, chlorophyll b, total chlorophyll and carote-
noids were calculated.

Ca (Chla) =12.2A; —2. 8144,

Cb (Chlb) =20. 134, —5. 0344,

Ct (Chlorophyll) =Ca +Ch =17.324,, +7. 184,

Cx - ¢ (Carotenoid) = (1 0004,,, —3.27Ca - 104Cb) /229

Ca, Cb, Ct and Cx -
phyll a, chlorophyll b, total chlorophyll and carotenoids respec-

¢ refer to the concentrations of chloro-

tively. Ay, Age and Ay, represents the absorbance values of the
chloroplast pigment extraction solution at wavelengths 663, 645
and 470 nm, respectively.

After obtaining the pigment concentrations, the content of
each pigment in the leaves was calculated using the following for-
mula:

Pigment content = Pigment concentration ( mg/L) x Extrac-

tion solution volume (L) X Dilution factor/Sample fresh weight

(g)



Lizhi FU et al. Study on the Photosynthetic Characteristics of Six Varieties (Strains) in Chinese Chestnut 11

Data analysis Statistical analysis and graphical representation of
the experimental data were performed using Excel 2010, SPSS

26.0 and GraphPad Prism8.

Results and Analysis

Daily variation of photosynthetic parameters for six Chinese
chestnut varieties (or strains)

Diurnal variation of net photosynthetic rate in different varie-
ties or strains From Fig. 1, it could be observed that diurnal
variation curves of net photosynthetic rate (P,) for the six chest-
nut varieties (strains) were all bimodal, indicating the presence
of a photosynthetic ‘ midday depression’ phenomenon. The first
peak occurred at 10:00, while the second peak occurred at 14,
00. The daily average net photosynthetic rate of the * Yanqiu’ was
significantly higher than other five varieties (strains). The order
of daily average net photosynthetic rate, from the highest to the
lowest, was ‘ Yanqiu’ > ‘Hybrid22’ > ‘Yanbao’ > ‘Yanjia’
> ‘Qianxi37’ > ‘ Yanchang’, with peak values reaching
15.435, 14. 910, 14. 576, 13.940, 13. 940, 12.472, 12. 377

wmol/ (m® « s), respectively.
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Fig. 1 Diurnal variation of net photosynthetic rate (P, ) of the six

Chinese chestnut varieties or strains

Diurnal variation of stomatal conductance in different varie-
ties or strains From Fig. 2, it could be observed that diurnal
variation curves of G, for the six chestnut varieties ( strains) were
all bimodal, the first peak occurred at 10;00, while the second
peak occurred at 14:00. All six varieties (strains) reached their
maximum stomatal aperture at 14;00, with peak values of 0.426,
0.357, 0.320, 0.295, 0.300 and 0.307 mol/(m’ « s). The or-
der of daily average stomatal conductance from the highest to the
lowest was ¢ Yanqiu” > ‘Hybrid22’ > ‘Yanbao’ > ‘Yan-
chang’ > ‘Qianxi37’ > ‘Yanjia’.

Diurnal variation of intercellular carbon dioxide concentra-
From Fig. 3, it could be

observed that the diurnal variation curves of C, in the six chestnut

tion in different varieties or strains

varieties (strains) showed lower concentrations in the morning and
higher concentrations at noon, exhibiting an upward, downward
and upward trend. The occurrence of a low value at 14 ;00 might
indicate a decrease in light intensity after 14 .00, triggering the o-
pening of stomata and an increase in G, resulting in the consump-
tion of a large amount of carbon dioxide. The peak values for

‘Yanqgiu’ and ¢ Hybrid22’ occurred at 12:00, while the peak
values for ‘ Yanbao’, ‘ Yanjia’, ‘Qianxi37’ and ‘Yanchang’
occurred at 10:00. Both ‘ Yanqgiu’ and ‘ Hybrid22’ exhibited a
low value at 14:00, while ‘ Yanbao’ , ‘ Yanjia’, ‘ Qianxi37’ and
‘Yanchang’ showed a low value at 12:00. The order of daily av-
erage C, was ‘Yanqiu’ > ‘Hybrid22’ > ‘Yanbao’ > ‘Yan-
jia’ > ‘Qianxi37’ > ‘Yanchang’.
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Fig. 2 Diurnal variation of G, of the six Chinese chestnut varieties
or strains
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Fig. 3 Diurnal variation of C; of six Chinese chestnut varieties or
strains
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Fig. 4 Diurnal variation of T, of the six chestnut varieties or

strains

Diurnal variation of transpiration rate in different varieties or
strains From Fig. 4, it could be observed that the diurnal varia-
tion curves of transpiration rate (7,) in the six chestnut varieties
(strains) were all bimodal , with the first peak occurring at 10:00
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and the second peak occurring at 14:00. The peak values of tran-
spiration rate (T,) coincided with P, and G, with higher transpi-
ration rates in the morning compared to the evening. The peak val-
ue in the morning was higher than the peak value at noon, as the
plants experience increased water loss due to intense sunlight dur-
ing midday. ‘Yanqgiu’ had the highest daily average T., while
‘Yanchang’ had the lowest. The order of daily average transpira-
tion rate was ‘ Yanqiu’ > ‘Hybrid22’ > ‘Yanbao’ > ‘Yan-
jia’ > ‘Qianxi37’ > ‘Yanchang’.
Comparison of light response curves and characteristic pa-
rameters among the six Chinese chestnut varieties or strains
From Fig. 5, it could be observed that the light response
curves of the six varieties (strains) exhibited similar patterns. The
net photosynthetic rate increased with increasing light intensity,
but reached a plateau after reaching a certain value, indicating
that it no longer increased with further increase in light intensity.
When the photosynthetically active radiation ( PAR) reached 50
pmol/(m* + s), ¢ Yanchang’, ‘Qianxi37’, ‘ Yanjia’ and
‘Yanbao’ exhibited negative values for net photosynthetic rate,
while ‘Yanqiu’ and ‘ Hybrid 22’ had positive values for net pho-
tosynthetic rate. When PAR reached 200 wmol/(m® - s) , the net
photosynthetic differences between each variety or strain started to

increase. As PAR increased to 800 pmol/(m’ « s), the net
20 [,
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photosynthetic rate of the ‘ Yanchang’ variety tended to saturate.
When PAR reached 1 000 pmol/(m’ -
rates of ‘ Qianxi 37, ‘Yanjia’ and ‘ Yanbao’ tended to satu-
rate. However, the net photosynthetic rate of ‘ Yanqiu’ and ‘ Hy-
brid 22 still showed an upward trend. When the net photosyn-
thetic rate was positive, the order of the net photosynthetic rates

s), the net photosynthetic

with increasing photosynthetically active radiation was always
‘Yangiu’ > ‘Hybrid22’ > * Yanbao’ >
‘Qianxi37’ > ‘Yanchang’.
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Fig. 5 Optical response curves of different Chinese chestnut varie-
ties (strains)
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Fig. 6 Chlorophyll contents of different Chinese chestnut varieties (strains)
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Table 1 Characteristic parameters of optical response curve of 6 chestnut varieties ( strains)

Varieties ( strains ) NaQy // mol/mol

Pisp // pmol/ (m* - 5)

PLCP//MmOI/(mZ - s)

Py // pimol/ (m?

- s)

Ry // pmol/ (m” - s)

Yangiu 0.037 £0.001 b 1380.18 £117.738 a
Hyrid 22 0.031 =0.000 ¢ 1 158.803 £12.726 b
Yanbao 0.038 £0.000 a 1 078.603 +10.078 be
Yanjia 0.038 £0.001 a 1 012.915 £57.687 cd
Qianxi 37 0.038 +£0.000 a 921.458 £23.958 de
Yanchang 0.038 £0.000 a 879.665 +29.162 e

54.235 £1.461 b
58.797 £0.434 a
19.144 £0.025 ¢
18.895 +1.150 ¢
17.844 £0.036 cd
16.637 £0.029 d

15.402 +0.926 a
8.976 £0.030 b
8.326 +0.016 b
6.980 £0.062 ¢
6.857 £0.012 ¢
6.159 £0.023 d

1.058 £0.298 ¢
1.724 £0.047 a
1.212 £0.004 be
1.336 £0.016 b
1.325 £0.003 b
1.442 £0.001 b

Naqy i3 Apparent Quantum Yield; P;gp is Photoinhibition Light Saturation; P;cp is Photocompensation Point; P

is Dark Rrespiration Rate.

Chlorophyll contents of the six Chinese chestnut varieties
(strains)

Fig. 6A showed the chlorophyll a content, with ‘ Yanqiu’
having significantly higher content compared to other five cultivars,
followed by ‘ Yanbao’. The average chlorophyll a content among
the six Chinese chestnut varieties was ranked as follows: ‘ Yan-
qiu’ > ‘Hybrid22’ > ¢ Yanbao’ > ‘ Yanchang’ >
‘Qianxi37’ > ‘Yanjia’, with values of 1.235, 0.956, 0.917,
0.712, 0.696, 0.597 mg/g - FW. Fig. 6B showed that the chlo-
rophyll b contents of ‘ Yanqiu’, ‘Yanbao’ and ‘Yanchang’ were
significantly higher than those of ‘ Hybrid 22°, ¢ Yanjia’ and
‘Qianxi 37’ . In Fig. 6C, the carotenoid content of ‘ Yanqiu’ was
significantly higher than other five varieties, followed by ‘ Yan-
In Fig. 6D, the total chlorophyll content of ‘ Yanqiu’

was significantly higher than other five varieties, and ‘ Yanbao’

chang’.

and ‘ Yanchang’ had significantly higher contents than ‘ Hybrid
22, ‘Qianxi 37’ and ‘Yanjia’.

nese chestnut varieties (strains), ‘ Yanqiu’ had the highest con-

Therefore, among the six Chi-

tents of chlorophyll a, chlorophyll b, carotenoids and total chloro-
phyll, reaching 1. 235, 0.244, 0. 321 and 1. 478 mg/g + FW,

respectively.

Discussion

The diurnal variation of net photosynthetic rate can reflect the
ability of plants to sustain photosynthesis throughout the day. Due
to the constant changes in physiological and ecological factors that
influence the net photosynthetic rate of plants, the net photosyn-

201 " Somata are the

thetic rate can also exhibits different variations
main channels through which gas exchange occurs between the in-
ternal leaf tissues and the external environment, facilitating the ex-
change of oxygen and carbon dioxide. Stomatal conductance (G, )

reflects the intensity of photosynthesis in plants™"

. Transpiration
rate reflects the strength of transpiration in plants. It is influenced
by the combination of plant characteristics and external factors.
When the transpiration rate increases, stomatal conductance and
net photosynthetic rate also increase simultaneously™’. The diur-
nal variation of photosynthesis in Chinese chestnut had been repor-
ted to exhibit both single-peak and double-peak patterns. During
the dry season and the peak growth period (June — August) , sunny
days display a double-peak pattern. The phenomenon of ‘ midday
depression’ occurs at noon due to increased light intensity and
temperature , leading to a decrease in photosynthetic efficiency' ™.
During the early growth stage in May and the late stage in October,
sunny days exhibit a single-peak pattern. In the morning and

is Maximum Net Photosynthetic Rate; and R,

n, max

evening, insufficient light intensity and temperature result in lower
photosynthetic efficiency. However, at midday, when light intensi-
ty and temperature are optimal, photosynthetic efficiency is high-
er. It indicates that light and temperature stress lead to decreased
photosynthetic efficiency > In this study, the diurnal variation of
photosynthesis was measured on July 25, with clear weather condi-
tions. Measurements were conducted from 8 :00 AM to 6.:00 PM to
capture the diurnal pattern of leaf photosynthesis. The diurnal vari-
ation of P, G, and T, in all six Chinese chestnut varieties
(strains) exhibited a double-peak pattern, indicating the presence
of a midday depression phenomenon. The first peak occurred at
10:00 AM, followed by a second peak at 2:00 PM.

Carbon dioxide is the substrate for photosynthesis and the pro-
duction of organic compounds in plants. The magnitude of diurnal
variation in intercellular carbon dioxide concentration (C;) direct-
ly affects the rate of photosynthesis in plants'™'. The average and
peak values of P, , G, C; and T, were consistently higher in ¢ Yan-
qiu’ compared to other varieties (strains) , with  Hybrid 22’ fol-
lowing closely. It indicated that ‘ Yanqiu’ had the highest photo-
synthetic capacity among the examined varieties. The peak values
of net photosynthetic rate reached levels of 15.435, 14.910,
14.576, 13.940, 13.940, 12.472 and 12. 377 pmol/(m’ - s) for
the respective varieties. C; continued to increase after noon, indi-
cating that the photosynthetic capacity of these six Chinese chest-
nut varieties did not increase. It suggested that these varieties were
less affected by the midday depression phenomenon and maintained
their photosynthetic efficiency during the afternoon period. When
P, decreased, G, followed a similar trend, while C, increased. It
indicated that the occurrence of the midday depression phenome-
non in these six Chinese chestnut varieties was primarily limited by
non-stomatal factors'™. At 1400, C, reached a lower value,
which might be attributed to a reduction in light intensity and the
subsequent opening of stomata, leading to an increase in G,. This
increase in G, resulted in the consumption of a significant amount
of carbon dioxide. The T, changed with the variations of P, and
G.. As P, increased and G, increased, the stomata opened, lead-
ing to a significant loss of water in Chinese chestnut. Excessive
transpiration could cause water deficiency, resulting in a decrease
in stomatal conductivity and even stomatal closure. Therefore, in
summer production practice, maintaining a certain transpiration
rate and stomatal conductivity through measures like timely irriga-
tion could provide crucial protection for Chinese chestnut to
achieve their optimal photosynthetic performance.

Light response curves reflect the relationship between the net
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photosynthetic rate of plants and the photosynthetically active radi-
ation™'. The light response curve of plants is an analysis of the
relationship between PAR and P, during photosynthesis. The char-
acteristic parameters of the light response curve are indicators used
to study the photosynthetic physiological characteristics and adapt-

[27]

ability of plants Using the leaf drift model, it is possible to

calculate the corresponding characteristic parameters such as 1,y ,
PLSI’ ’ PLCI’ ’ P

scribe the light response curve characteristics of chestnut varieties.

. max aNd Ry, These parameters can be used to de-
7oy Teflects the photosynthetic capacity of plant leaves under weak
light conditions™’. The Moy values of ‘Yanbao’, ‘Yanjia’,
Qianxi 37’ and ‘ Yanchang’ were larger than those of other vari-
eties. Among them, ‘Yanjia’ had the highest 7,4, value, indica-
ting the strongest ability to utilize weak light. R, represented the
rate of gas exchange in plants under dark conditions. A lower R,
indicated that plants consumed less photosynthetic products, resul-
ting in a higher carbon gain for the leaves ™. The R, of * Yanqiu’
was significantly lower than that of other varieties. The Maximum
Net Photosynthetic Rate (P
tial of plants. A higher P,
thetic potential of plant leaves and a greater synthesis of photosyn-
thetic products under effective light™ . The P
was significantly higher than that of other vaieties. ‘ Hybrid 22°

) reflects the photosynthetic poten-

n, max

value indicates a higher photosyn-

vmae Of ¢ Yangiu’
and ‘ Yanbao’ were significantly higher than ‘ Yanjia’ and
‘Qianxi 37’ , while ¢ Yanchang’ had the lowest P, . . Further-
more, the order was ‘ Yanqiu’ > ‘Hybrid 22° > ‘Yanbao’ >
‘Yanjia’ > ‘Qianxi 37° > ‘Yanchang’. P, and P, reflect
the range of light utilization by plants. A higher P g, indicates a
stronger adaptation to high light intensity, while a lower P, indi-
The Pqp of

‘Yanqiu’ was significantly higher than other five varieties, with

cates a stronger adaptation to low light intensity' ™’

‘Hybrid 22’ coming next, indicating that these two varieties had
the strongest adaptation to high light intensity. The P, of ‘ Yan-
chang’ was significantly higher than other five varieties or strains,
followed by *Qianxi 37’ , indicating that these two varieties had
the strongest adaptation to low light intensity and maintained good
photosynthetic  characteristics even in shaded environments.
‘Yanbao’ and ‘ Yanjia’ had relatively higher P, and lower
P\, indicating that these two varieties had a wider range of light
utilization.

Chlorophyll was the primary pigment involved in photosynthe-
sis in plant leaves. It plays a crucial role in the absorption, trans-
fer, and conversion of light energy during photosynthesis. Chloro-
phyll a was the main pigment responsible for the plant’ s photosyn-
thetic capacity, while chlorophyll b acts as an accessory pigment.
Carotenoids are responsible for photoprotection and light energy
capture. The chlorophyll content of leaves was positively correlated
1721 n this

study, the content of chlorophyll b in ‘ Yanqiu’, *Yanbao’ and

with the photosynthetic rate during the same period"

‘Yanchang’ was significantly higher than that in ‘ Hybrid 22’ ,
‘Yanjia’ and ‘ Qianxi 37’ . The carotenoid content in ‘ Yanqiu’
was significantly higher than that in other five varieties (strains),
with ‘ Yanchang’ being the second highest. The total chlorophyll

content in ‘ Yanqiu’ was significantly higher than in other five va-

rieties (strains), while ‘ Yanbao’ and *Yanchang’ were signifi-
cantly higher than ‘Hybrid 22” , ‘Qianxi 37’ and ‘Yanjia’. The
contents of chlorophyll a, chlorophyll b, carotenoids and total
chlorophyll in ‘ Yanqiu’ were all the highest, reaching 1.235, 0.
244, 0.321 and 1.478 mg/g - FW, respectively. The P . was
also the highest in ‘ Yangiu’. Tt reflected a certain degree of cor-
relation between the photosynthetic rate and chlorophyll content in
‘Yanqiu’ .

Based on the above, among the six varieties ( strains),
‘Yanqiu’ had the highest P, . and the lowest R,, and also had
the highest chlorophyll content, indicating its strong photosynthetic
‘ Hybrid 22°

and was also suitable for high moun-

capacity and organic matter accumulation ability.
had the second-highest P,

tain high-light environments. ‘Yanbao’ and ‘ Yanjia’ had a wide

n, max

range of adaptation to light and could adapt well to both weak and
strong light stresses. The P, of ¢ Yanchang’ was significantly
higher than other five varieties (strains), with ‘ Qianxi 37’ being
the second highest. Tt indicated that these two varieties ( strains)
had the strongest adaptation ability to low light conditions. Addi-
tionally, they had higher chlorophyll content, which meant they
still exhibited good photosynthetic characteristics under weak light
stress. Conducting research on Chinese chestnut photosynthetic
physiology is of great significance for Chinese chestnut production,
cultivation and breeding.
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