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Abstract
Using two-year-old Populus euphratica seedlings from the Tarim arid desert re-
gion as experimental materials, pot culture simulations were conducted under
five water gradients mimicking desert habitats. A Li-6400 portable photosyn-
thesis system was employed to measure the light response processes of photo-
synthesis in Populus euphratica under drought stress, and four light response
models were utilized for fitting and comparison, aiming to identify an optimal
light response model suitable for arid desert environments and to elucidate the
response patterns and adaptive mechanisms of Populus euphratica photosyn-
thesis to drought stress. The results demonstrated that the net photosynthetic
rate (Pn) of Populus euphratica exhibited a declining trend with intensifying
drought stress, with the magnitude of Pn reduction increasing under identi-
cal photosynthetically active radiation (PAR). Under moderate drought stress
and below (relative soil water content, RSWC>45%), Populus euphratica could
maintain relatively high Pn under elevated PAR, with minimal photoinhibition;
the rectangular hyperbola, non-rectangular hyperbola, and exponential models
all satisfactorily simulated the Pn-PAR response process, yet the fitted val-
ues for maximum net photosynthetic rate (Pnmax) and light saturation point
(LSP) differed extremely significantly from measured values (P<0.01). Under
moderate drought stress and above (RSWC<45%), Pn of Populus euphratica de-
creased significantly with increasing PAR, LSP and Pnmax declined extremely
significantly, and photoinhibition became pronounced; only the modified rect-
angular hyperbola model yielded fitted light response processes and parameters
consistent with actual conditions. The simulation efficacy ranking of the four
models was: modified rectangular hyperbola model > exponential model > non-
rectangular hyperbola model > rectangular hyperbola model. The four light
response models exhibited differential adaptability to drought stress, with the
modified rectangular hyperbola model being applicable across various water con-
ditions, particularly in arid desert habitats, while the other three models were
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suitable for habitats with more favorable water conditions. Light response char-
acteristic parameters displayed distinct response thresholds to drought stress.
With intensifying drought stress, the apparent quantum yield (AQY), Pn, LSP,
and Pnmax of Populus euphratica continuously decreased, whereas dark res-
piration rate (Rd) and light compensation point (LCP) increased significantly
under severe drought stress. At RSWC>45%, Populus euphratica maintained
relatively high AQY, Pnmax, and LSP; at RSWC<45%, Pnmax and LSP de-
creased significantly. Drought stress substantially inhibited the photosynthetic
process and light intensity tolerance range, reduced photosynthetic efficiency,
and severe drought stress severely impacted the normal growth and photosyn-
thetic activity of Populus euphratica seedlings. In arid desert environments,
Populus euphratica adopts an ecological strategy of narrowing its light ecolog-
ical amplitude, reducing light energy utilization efficiency, and decreasing res-
piratory consumption to actively combat desert drought adversity. Therefore,
from the perspective of population conservation and vegetation restoration in
extremely arid desert regions, soil moisture in Populus euphratica forests should
be maintained at approximately 50% RSWC, aligning with management princi-
ples for plant growth and efficient water use in water-limited arid regions.

Full Text
Preamble
Acta Ecologica Sinica
DOI: 10.5846/stxb201511242373

Title: Simulated Photosynthetic Responses of Populus euphratica During
Drought Stress Using Light-Response Models

Authors: Wang Haizhen*, Han Lu, Xu Yali, Niu Jianlong, Yu Jun

Affiliations:
Key Laboratory of Biological Resource Protection and Utilization of Tarim
Basin, Xinjiang Production and Construction Corps
College of Plant Science, Tarim University, Alar 843300, China

Abstract
Water is one of the major limiting factors for vegetation recovery and reconstruc-
tion in the extremely arid desert region of northwest China. We established five
moisture gradients to simulate a desert habitat and measured the photosynthetic
light responses of two-year-old Populus euphratica seedlings under drought stress
using the Li-6400 portable photosynthesis system. The resulting data were fit-
ted and analyzed using rectangular hyperbola, non-rectangular hyperbola, ex-
ponential, and modified rectangular hyperbola models. This study aimed to
optimize these models, investigate the adaptability of light-response models to

chinarxiv.org/items/chinaxiv-201704.00201 Machine Translation

https://chinarxiv.org/items/chinaxiv-201704.00201


different levels of drought stress, and understand the adaptation mechanisms of
P. euphratica to arid desert conditions.

The results showed that the net photosynthetic rate (𝑃𝑛) declined under the
same photosynthetically active radiation (PAR) as drought stress intensified.
Relatively high photosynthesis rates and reduced photoinhibition were observed
under conditions of low-to-moderate drought stress (relative soil water content
(RSWC) > 45%). When models were used to express this relationship, the
exponential, rectangular hyperbola, and non-rectangular hyperbola models fit
the 𝑃𝑛-PAR response process well, but the maximum net photosynthetic rate
(𝑃𝑛 max) was significantly higher than measured values and the light saturation
point (LSP) was significantly lower than measured values (𝑃 < 0.01).
When RSWC was lower than 45% (where seedlings experienced greater drought
stress), obvious photoinhibition and significant decreases in 𝑃𝑛 were observed
under strong light, and LSP and 𝑃𝑛 max were also significantly decreased. Under
these circumstances, only the modified rectangular hyperbola model could fit the
light response processes and parameters. Overall, the goodness-of-fit of the four
light-response models to the observed data was as follows: modified rectangular
hyperbola model > exponential model > non-rectangular hyperbola model >
rectangular hyperbola model.

The adaptability of the four models to different drought stress levels was vari-
able. The modified rectangular hyperbola model perfectly simulated the light
response process and fitted photosynthetic parameters under all water condi-
tions. It was especially suited to severe drought stress and extremely arid desert
conditions, whereas the other three models were only suitable under high mois-
ture conditions. The response threshold of light-response parameters differed
with changing drought stress levels. The apparent quantum yield (AQY) of P.
euphratica decreased gradually with increasing drought stress, but its dark res-
piration rate (𝑅𝑑) and light compensation point (LCP) increased significantly
under extremely severe drought stress.

Populus euphratica showed higher AQY, 𝑃𝑛 max, and LSP under RSWC > 45%,
while its photosynthetic efficiency of 𝑃𝑛 max and LSP decreased significantly
when RSWC was less than 45%. Drought stress significantly inhibited the photo-
synthetic process and decreased the light tolerance range. Under severe drought
stress, photoinhibition increased significantly while photosynthetic capacity and
normal seedling growth were substantially inhibited. P. euphratica was sensitive
to small changes in drought severity and decreased its light use efficiency and
respiration to adapt to desert conditions.

We conclude that to enhance species conservation and restore vegetation in
extremely arid desert regions, soil water content should be maintained at about
50% of field capacity, which would optimize desert plant growth and water
management in the Tarim Desert area.

Keywords: Populus euphratica; drought stress; light-response model; photo-
synthetic parameter; simulation
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Introduction
Photosynthesis is a complex biophysical and chemical process in which plants
convert light energy into chemical energy usable for life processes and synthe-
size organic compounds. The quantitative relationship between plant net pho-
tosynthetic rate and photosynthetically active radiation forms the basis for re-
vealing how photosynthetic physiological processes respond to environmental
factors [?]. Measurement and simulation of light-response curves can yield key
photosynthetic parameters such as maximum net photosynthetic rate (𝑃𝑛 max),
apparent quantum efficiency (AQY), light saturation point (LSP), light com-
pensation point (LCP), and dark respiration rate (𝑅𝑑), which help identify the
operational status of photosynthetic machinery, photosynthetic capacity across
different habitats, and adaptation patterns [?]. The development, parameter
derivation, and application of light-response models have attracted widespread
attention from scholars [?].

Researchers have constructed various light-response models with different deriva-
tion mechanisms, among which the non-rectangular hyperbola model, rectan-
gular hyperbola model, and exponential model are most commonly applied.
However, these traditional models have significant limitations: the fitted light-
response parameters differ substantially from measured values, and they cannot
accurately simulate the response process when photoinhibition occurs [?, ?, ?].
They are particularly suitable only for fitting plant light-response processes and
parameters under normal water conditions [?] and cannot adapt to fitting differ-
ent plants in various habitats. Consequently, there is a lack of deep understand-
ing regarding the applicable conditions, scope, and fitted indices of different
light-response models, leading to low credibility in model selection [?].

In recent years, Ye et al. [?] constructed a modified rectangular hyperbola model,
pointing out that this model overcomes the limitations of traditional models and
can more accurately fit the light-response processes and characteristic param-
eters of plants in various habitats [?, ?]. The modified rectangular hyperbola
model has been applied to simulate photosynthesis in winter wheat and Hip-
pophae rhamnoides under different soil moisture conditions [?], achieving good
results. However, whether this model is equally feasible for simulating the re-
sponse process of photosynthesis to drought stress and fitting characteristic
parameters for plants in extremely arid desert regions, and whether the fitting
effects of different light-response models under drought stress, as well as the
quantitative relationship between P. euphratica photosynthesis and soil mois-
ture, require further in-depth research.

Populus euphratica, a species of the genus Populus (Salicaceae), is among the
first batch of rare and endangered species designated in China [?]. It has be-
come a valuable desert tree species, a natural barrier preventing land desertifica-
tion, maintaining ecological security of oasis in southern Xinjiang, and ensuring
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sustainable agricultural and pastoral production. Influenced by global climate
change and driven by rapid regional population growth, large areas of land have
been reclaimed, leading to frequent changes in the Tarim River channel and con-
tinuous decline in groundwater levels, even causing long-term flow interruption
in downstream areas. This has triggered a sharp decline in species diversity of
desert riparian forests that rely solely on groundwater for survival and ecosys-
tem degradation [?]. Domestic and foreign scholars have conducted extensive
research on gas exchange parameters, chlorophyll fluorescence parameters, and
reasonable ecological water levels of P. euphratica [?], but simulation and com-
parative studies on the photosynthetic light-response process of P. euphratica
under drought stress are rarely reported, and the quantitative relationship be-
tween its photosynthetic physiological parameters and soil moisture remains
unclear.

Using two-year-old P. euphratica seedlings from the Tarim Basin as research
material, this study simulated desert habitat water conditions through pot ex-
periments, measured photosynthetic light-response curves under drought stress,
and simulated and compared the light-response processes using four widely-used
models. The objectives were to clarify the adaptation patterns of P. euphrat-
ica light-response processes and characteristic parameters to drought stress and
their quantitative relationship with soil moisture, evaluate the applicability of
different light-response models in fitting the light-response processes and charac-
teristic parameters of P. euphratica under drought stress, and select the optimal
light-response model for leaf photosynthesis of P. euphratica, thereby providing
theoretical support for water-saving irrigation of oasis shelter forests and natural
vegetation restoration in the Tarim Basin.

1. Experimental Design
The experiment was conducted from May to September 2014 in a self-built arti-
ficial rain shelter at the Horticulture Experimental Station of Tarim University.
The experimental material consisted of two-year-old P. euphratica seedlings, a
dominant desert tree species in the Tarim Basin. Plastic pots with a diameter of
28 cm and height of 30 cm were used, each containing equal amounts of sieved
brown calcic soil (soil organic matter 1.33 g/cm3, pH 8.35, soil bulk density 1.43
g/cm3, field capacity 24.43%). Based on soil water content, soil bulk density,
and field capacity, different drought stress treatments were calculated.

In late March, seedlings with similar ground diameter were selected and
planted in plastic buckets. To simulate desert habitats, five different soil
water treatments were established: (A1) RSWC 75%-80% (soil water content
18.32%-19.54%); (A2) RSWC 60%-65% (14.66%-15.88%); (A3) RSWC 45%-
50% (10.99%-12.21%); (A4) RSWC 30%-35% (7.33%-8.55%); and (A5) RSWC
20%-25% (4.89%-6.11%). A randomized block design was adopted with three
replicates for each water treatment.
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After planting, all seedlings were placed under identical environmental condi-
tions and watered to ensure normal germination and growth. In early May,
water treatments were implemented according to the experimental design. Pot
weight was measured using an electronic scale. On rainy days, rain shelters were
used to block precipitation. When soil moisture naturally declined to the set
standard, water was supplemented using fixed containers to control soil moisture
within the set range. The daily weight gain of each seedling was calculated from
the weight difference between the previous evening and the current evening. To
improve experimental precision, each seedling was weighed separately by roots,
stems, and leaves for fresh weight, then oven-dried at 105°C for 30 minutes and
75°C to constant weight to obtain dry weight. The actual daily water supple-
ment was calculated by subtracting the seedling weight gain from the calculated
water supplement.

2. Light-Response Curve Measurement
From late June to early July, three P. euphratica seedlings were ran-
domly selected from each water treatment. For each seedling, three
mature leaves from the middle-upper portion with similar positions
were chosen. On clear, cloudless days between 9:30-11:30, the light-
response process was measured using a Li-6400 portable photosynthe-
sis system (Li-Cor, Inc, USA) after natural light induction. An open
air path was adopted, leaf chamber temperature was controlled at
(25$±1)°𝐶𝑏𝑦𝑎𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟, 𝑔𝑎𝑠𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒𝑤𝑎𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑𝑎𝑡500𝜇𝑚𝑜𝑙/𝑠, 𝑎𝑛𝑑𝐶𝑂_{2}$
concentration was maintained at (370$±5)𝜇𝑚𝑜𝑙/𝑚𝑜𝑙.𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑝ℎ𝑜𝑡𝑜𝑠𝑦𝑛𝑡ℎ𝑒𝑡𝑖𝑐𝑎𝑐𝑡𝑖𝑣𝑒𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡𝑠𝑤𝑒𝑟𝑒𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑𝑏𝑦𝑎𝑟𝑒𝑑−
𝑏𝑙𝑢𝑒𝑙𝑖𝑔ℎ𝑡𝑠𝑜𝑢𝑟𝑐𝑒(𝐿𝑖−6400−02𝐵𝐿𝐸𝐷)𝑤𝑖𝑡ℎ𝑠𝑒𝑡𝑡𝑖𝑛𝑔𝑠𝑜𝑓0, 20, 50, 100, 200, 500, 1000, 1500, 2000, 2500, 2800, 𝑎𝑛𝑑3000𝜇𝑚𝑜𝑙𝑚^{-
2}$ s−1. Each light intensity was maintained for 120-150 seconds with three
repeated readings, and the Li-6400 automatically recorded 𝑃𝑛.

Based on the measurement data, light-response curves of P. euphratica photo-
synthesis under different drought stresses were plotted (𝑃𝑛-PAR). According to
the trend of measured data points, parameters such as maximum net photosyn-
thetic rate (𝑃𝑛 max), LSP, LCP, and dark respiration rate (𝑅𝑑) were estimated
[?]. Simultaneously, the traditional weak light linear regression method (PAR ≤
200 �mol m−2 s−1) was used to calculate the apparent quantum efficiency (AQY).
The estimated light-response characteristic parameters were used as measured
values for comparison with fitted values from the four models.

Models
1. Rectangular Hyperbola Model

The rectangular hyperbola model is expressed as [?]:
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𝑃𝑛 = 𝛼𝐼𝑃𝑛 max
𝛼𝐼 + 𝑃𝑛 max

− 𝑅𝑑

where 𝑃𝑛 is the net photosynthetic rate, 𝑃𝑛 max is the maximum net photo-
synthetic rate, 𝑅𝑑 is the dark respiration rate, 𝐼 is photosynthetically active
radiation, and 𝛼 is the initial quantum efficiency.

The mathematical expression for the light compensation point is [?]:

Φ𝑐 = 𝑃 ′|𝐼=𝐼𝑐
= 𝛼𝑃 2

𝑛 max
(𝛼𝐼𝑐 + 𝑃𝑛 max)2 = 𝛼𝑅2

𝑑
𝑃 2𝑛 max

If the model fits well, the light compensation point can be calculated using the
intersection with the linear equation under weak light [?].

2. Non-rectangular Hyperbola Model

The non-rectangular hyperbola model is expressed as [?]:

𝑃𝑛 = 𝛼𝐼 + 𝑃𝑛 max − √(𝛼𝐼 + 𝑃𝑛 max)2 − 4𝜃𝛼𝐼𝑃𝑛 max
2𝜃 − 𝑅𝑑

where 𝜃 is the curvature angle of the non-rectangular hyperbola with a value
range of [0,1], and other parameters have the same meaning as in equation (1).

The mathematical expressions for 𝑃𝑛 max and LSP are [?]:

𝑃𝑛 max = 𝑃𝑛 max − 𝑅𝑑
𝜃

The LSP is the light intensity corresponding to the intersection of the 𝑃𝑛-𝐼
curve with the line 𝑃𝑛 = 𝑃𝑛 max [?].

3. Exponential Model

The exponential model is expressed as [?]:

𝑃𝑛 = 𝑃𝑛 max(1 − 𝑒−𝛼𝐼/𝑃𝑛 max) − 𝑅𝑑

where the parameters have the same meaning as in equation (1). The mathe-
matical expressions for 𝑃𝑛 max and LSP are [?]:

𝑃𝑛 max = 𝑃𝑛 max − 𝑅𝑑

𝐿𝑆𝑃 = 𝑃𝑛 max
𝛼 ln( 𝛼

𝑅𝑑
)
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4. Modified Rectangular Hyperbola Model

The modified rectangular hyperbola model is expressed as [?, ?, ?]:

𝑃𝑛 = 𝛼𝐼
1 − 𝛽𝐼 − 𝛾𝐼2 − 𝑅𝑑

where 𝛽 and 𝛾 are coefficients independent of 𝐼 , and other parameters have the
same meaning as in equation (1). The light intensity corresponding to 𝑃𝑛 max is
the saturation light intensity (LSP) [?, ?].

The mathematical expressions are [?]:

𝑃𝑛 max = 𝛼
2√𝛽𝛾

− 𝑅𝑑

𝐿𝑆𝑃 = 1
√𝛽𝛾

𝐿𝐶𝑃 = 𝑅𝑑
𝛼

1. Photosynthetic Light-Response Process of P. euphratica
Under Drought Stress
The photosynthetic light-response curve reflects the potential photosynthetic
capacity of plants under certain light intensities and their adaptability to the
growth environment. Under drought stress, the 𝑃𝑛 of P. euphratica showed dif-
ferent response patterns. Under different drought stresses, 𝑃𝑛 increased curvilin-
early with increasing PAR up to the light saturation point where maximum net
photosynthetic rate (𝑃𝑛 max) appeared, after which the light-response process
showed obvious differences depending on drought stress severity.

Under low-to-moderate drought stress (RSWC > 45%), 𝑃𝑛 reached saturation
at approximately 2000 �mol m−2 s−1, then decreased slowly and maintained rela-
tively high levels with weak photoinhibition. Under moderate-to-severe drought
stress (RSWC < 45%), 𝑃𝑛 saturated at low light intensity, and when PAR >
1000 �mol m−2 s−1, photoinhibition was obvious, indicating that insufficient
soil moisture exacerbated photoinhibition of P. euphratica photosynthesis un-
der strong light. As drought stress intensified, 𝑃𝑛 decreased with significantly
greater reduction amplitude.

[Figure 1: see original paper] The light-response curves of P. euphratica photo-
synthesis under different drought stresses

Compared with the control (A1), the 𝑃𝑛 of P. euphratica under treatments A2,
A3, A4, and A5 at PAR = 1500 �mol m−2 s−1 decreased by 13.84%, 22.92%,
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50.99%, and 71.54%, respectively; 𝑃𝑛 max decreased by 13.41%, 25.29%, 51.72%,
and 67.78%, respectively. Under low-to-moderate drought stress, P. euphratica
could maintain relatively high 𝑃𝑛 and 𝑃𝑛 max. From the perspective of popu-
lation conservation and vegetation restoration, soil moisture in P. euphratica
forests should be controlled at RSWC = 50%, which conforms to the manage-
ment principles of plant growth and efficient water use in arid water-deficient
areas.

2. Simulation of Photosynthetic Light-Response Process
Under Drought Stress
The fitting effects of the four light-response models on the 𝑃𝑛-PAR response pro-
cess of P. euphratica under drought stress showed obvious differences. Except for
the modified rectangular hyperbola model, the other three models could not fit
the decreasing process of 𝑃𝑛 after reaching saturation light intensity. The rect-
angular hyperbola and non-rectangular hyperbola models produced asymptotic
lines without extreme values, with the rectangular hyperbola model showing
the greatest deviation from measured curves. The fitted points of these three
models all showed large differences from measured points, especially under A4
and A5 treatments where the simulation effects were poorest.

The modified rectangular hyperbola model could better fit the 𝑃𝑛-PAR response
under different drought stresses, with the highest consistency with measured
curves, overcoming the shortcomings of other models that cannot simulate the
decreasing trend of 𝑃𝑛 with increasing PAR. The fitting effect was optimal,
particularly under severe drought stress.

[Figure 2: see original paper] Simulation of photosynthesis-light response curves
of P. euphratica by four models under different drought stresses

The fitted characteristic parameter values of the four photosynthetic models for
P. euphratica 𝑃𝑛-PAR response under different drought stresses showed certain
differences from measured values. When RSWC = 45%-80% (A3, A2, A1), all
four models could fit the 𝑃𝑛-PAR response of P. euphratica well (𝑅2 > 0.98),
but the fitting accuracy of light-response parameters varied among models. The
rectangular hyperbola, non-rectangular hyperbola, and exponential models all
fitted 𝑃𝑛 max and LSP that were significantly higher than measured values and
significantly lower than measured values (𝑃 < 0.01). The fitted 𝑃𝑛 max values
were 36.62%, 69.31%, and 72.14% lower than measured values, respectively; LSP
values were 1.64%, 19.64%, and 8.16% lower than measured values, respectively.

When RSWC < 45%, the rectangular hyperbola and non-rectangular hyperbola
models showed poor fitting effects (𝑅2 < 0.936), with large deviations between
fitted and measured light-response characteristic parameter values, reaching ex-
tremely significant differences (𝑃 < 0.01). Only the modified rectangular hy-
perbola model could fit the 𝑃𝑛-PAR response and its characteristic parameters
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well (𝑅2 > 0.993), especially under severe drought stress. This indicates that
the model is suitable for fitting the 𝑃𝑛-PAR response process and characteristic
parameters of P. euphratica in extremely arid desert regions.

Comparison with measured values of light-response parameters of P. euphratica
and the fitted values by four models

3. Fitting Analysis of Light-Response Characteristic Pa-
rameters of P. euphratica Photosynthesis Under Drought
Stress
Based on the above comparative analysis, the modified rectangular hyperbola
model showed the highest fitting accuracy for light-response characteristic pa-
rameters [?]. Using this model to analyze the response patterns of P. euphratica
photosynthesis to drought stress revealed that AQY reflects photosynthetic ca-
pacity under weak light conditions [?]. The AQY of P. euphratica under drought
stress showed values between 0.036-0.055, decreasing gradually with intensify-
ing drought stress but with small declines under moderate drought stress and
obvious increases under moderate-to-severe drought stress, indicating that mod-
erate drought stress is the turning point for significant changes in P. euphratica
photosynthesis.

𝑃𝑛 max, LSP, and LCP showed regular changes with drought stress intensifica-
tion. 𝑃𝑛 max and LSP decreased continuously with drought stress, with reduc-
tions of 14.23%, 25.83%, 50.16%, and 67.32% for 𝑃𝑛 max, and 6.52%, 20.50%,
51.76%, and 67.03% for LSP under A2, A3, A4, and A5 compared with A1 (con-
trol), respectively. This indicates that as drought stress intensified, the ability
of P. euphratica to utilize strong light weakened and its effective photosynthetic
range narrowed. LCP decreased continuously with drought stress when RSWC
> 30%, but increased significantly under severe drought stress (RSWC < 25%),
indicating that P. euphratica could enhance weak light utilization and conver-
sion while reducing respiratory consumption to accumulate organic matter and
resist drought stress. However, under extremely low soil moisture, the light
inhibition term 𝛽 and light saturation term 𝛾 [?, ?] increased substantially,
indicating that under severe drought stress, the ability to utilize weak light
decreased, light saturation and photoinhibition were easily reached, photosyn-
thetic machinery was damaged, organic matter production capacity declined
while respiratory consumption increased, leading to material supply-demand
imbalance and susceptibility to starvation and death.

3. Discussion
Plant photosynthesis models have been widely applied to simulate photosyn-
thetic processes and determine light-response characteristic parameters [?, ?, ?],
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serving as important tools for elucidating photosynthetic response mechanisms
and evaluating photosynthetic efficiency. Many scholars have proposed different
light-response models [?], each with certain advantages and disadvantages due
to different derivation mechanisms [?, ?]. This study compared the simulation
effects of four light-response models under different drought stresses. The rect-
angular hyperbola and non-rectangular hyperbola models could simulate the
𝑃𝑛-PAR response of P. euphratica under drought stress with better effects at
higher water contents, consistent with results from Lang [?] and Wu [?]. How-
ever, they could not fit the photoinhibition stage under low water conditions,
with extremely large deviations between fitted and measured points, the rectan-
gular hyperbola model showing the poorest fitting effect.

Because the rectangular hyperbola model does not consider the curvature degree
of light-response curves, to make curves better fit measured point distributions,
the initial slope must be increased [?], resulting in poor fitting effects. These
three models are asymptotic lines without extreme values, making it impossible
to directly solve 𝑃𝑛 max and LSP. Instead, nonlinear least squares methods must
be used for estimation or the light intensity corresponding to 0.75, 0.9, or 0.99
of 𝑃𝑛 max is used as saturation light intensity [?, ?, ?], causing fitted values to
be significantly lower than measured values. These models are only suitable
for habitats with good water conditions and are not suitable for studying light-
response characteristics of desert plants under drought stress.

The modified rectangular hyperbola model can better fit the 𝑃𝑛-PAR response
process under different drought stresses. Even under severe and extreme drought
stress, it can well simulate the photoinhibition stage, making it suitable for sim-
ulating plant 𝑃𝑛-PAR response processes under various water conditions. Its
simulation effect is superior to other models, consistent with reports that the
modified rectangular hyperbola model shows better simulation effects than other
models for plants such as apricot, Artemisia ordosica, and Periploca sepium un-
der different water conditions [?, ?, ?], especially for fitting the photoinhibition
stage under severe drought [?, ?, ?]. These results indicate that this model is
not sensitive to drought stress responses and has strong applicability.

Soil moisture is an important factor affecting plant photosynthetic physiological
processes [?], directly regulating important physiological activities such as plant
photosynthesis, water physiology, and metabolism. The results show that when
PAR > 200 �mol m−2 s−1, there is a threshold response relationship between 𝑃𝑛
changes and soil moisture content. The lower the soil moisture, the more signif-
icant the photoinhibition. When PAR ≤ 200 �mol m−2 s−1, photoinhibition was
not obvious under low-to-moderate drought stress (RSWC > 45%), but became
obvious under moderate-to-severe drought stress (RSWC < 45%). Apparent
quantum efficiency (AQY) is an important indicator reflecting plant light use
efficiency, generally determined as the slope of the regression equation fitting
light-response data under weak light (PAR ≤ 200 �mol m−2 s−1) [?, ?]. Under
suitable growth conditions, AQY of most plants ranges between 0.03-0.05 [?].
Under different soil moisture conditions, AQY of Ziziphus jujuba var. spinosa,

chinarxiv.org/items/chinaxiv-201704.00201 Machine Translation

https://chinarxiv.org/items/chinaxiv-201704.00201


Artemisia ordosica, and Periploca sepium ranges between 0.023-0.067, 0.042-
0.066, and 0.015-0.047, respectively, decreasing with intensifying drought stress
[?, ?, ?]. The AQY of P. euphratica under drought stress ranges between 0.036-
0.055, indicating relatively high light use efficiency in desert habitats, though
drought stress significantly reduced its light use efficiency (AQY, 𝑃 < 0.01),
consistent with results from Lu et al. [?, ?, ?].

However, some scholars believe that the light response under drought stress is
nonlinear and suggest using the curve slope at PAR ≤ 200 �mol m−2 s−1 as a mea-
sure of plant light use efficiency under weak light [?]. From the changing trends
and patterns of P. euphratica light-response characteristic parameters under
drought stress, 𝑃𝑛 max, LSP, and LCP showed regular changes with intensify-
ing drought stress, gradually decreasing but with different response thresholds
among parameters. Moderate drought stress (RSWC = 50%) was the turning
point for significant changes in P. euphratica photosynthesis. When RSWC
> 30%, LCP decreased continuously with drought stress, but increased signifi-
cantly under severe drought stress (RSWC < 25%), indicating that as drought
stress intensified, the light ecological amplitude of P. euphratica gradually nar-
rowed, its adaptability to strong light environments gradually weakened, and its
photosynthetic capacity decreased. However, P. euphratica could enhance weak
light utilization and reduce respiratory consumption of photosynthetic prod-
ucts to accumulate organic matter and resist drought stress, adapting to desert
arid environments. Nevertheless, under severe drought stress, both 𝑃𝑛 max and
LSP decreased significantly while respiration consumption increased [?], leading
to organic nutrient imbalance. In the experiment, P. euphratica under severe
drought stress showed obvious poor growth, yellowing and subsequent leaf shed-
ding, eventually leading to premature senescence and death.

4. Conclusion
Light-response models show different adaptability to drought stress. The rect-
angular hyperbola, exponential, and non-rectangular hyperbola models are only
suitable for habitats with good water conditions, whereas the modified rectangu-
lar hyperbola model is applicable to various environmental water conditions with
more accurate estimation of light-response characteristic parameters, showing
better applicability in extremely arid desert regions. In applying light-response
models, the most appropriate fitting model should be selected based on actual
habitat conditions to maximally ensure the correctness of fitted light-response
characteristic parameters.

Low-water-variable desert arid habitats significantly inhibit the photosynthetic
process and reduce photosynthetic efficiency of P. euphratica, narrowing its light
ecological amplitude. When RSWC > 45%, P. euphratica can maintain rela-
tively high 𝑃𝑛 max and LSP, but when RSWC < 45%, drought stress causes irre-
versible damage to photosynthetic machinery, severely affecting normal seedling
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growth and photosynthesis. In desert arid adversity, P. euphratica adopts ecolog-
ical adaptation strategies of narrowing light ecological amplitude, reducing light
energy use efficiency, and decreasing respiratory consumption of photosynthetic
products to resist drought stress damage. From the perspective of population
conservation and vegetation restoration in extremely arid desert regions, soil
moisture in P. euphratica forests should be maintained at 50% RSWC, which
conforms to the management principles of plant growth and efficient water use
in water-deficient areas.
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