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Effects of soil moisture on the photosynthetic light reaction of Rosa xanthina L. in

a loess hilly region
XIA Xuanxuan, ZHANG Shuyong, ZHANG Guangcan” , FANG Lidong, ZHANG Songsong, LI Hui

Shandong Provincial Key Laboratory of Soil Erosion and Ecological Restoration, Forestry College of Shandong Agricultural University , Taishan Forest Eco—

station of State Forestry Administration, Taian, 271018, China

Abstract; Water is a vital macronutrient and an important environmental factor, and is required for plants to conduct
photosynthesis, which insufficient or excessive soil moisture will negatively affect. The soil water deficit is a key factor
affecting plant physiological activity, restricting plant productivity and vegetative restoration. Rosa xanthina L. is one of the
most widely distributed types of secondary vegetation in mountainous and hilly region in North China. Because of its high
level of ecological adaptability, resistance to stress, and ecological functions, Rosa xanthina shows great potential value for
development and application to the reconstruction of vegetation in the ecologically fragile Loess Plateau. Thus far, previous
studies of Rosa xanthina have focused on such features as its root structure and soil reinforcement capabilities, the structure
and ecological adaptations of its associated community, the morphology and anatomical structure of its leaves, and its
photosynthetic characteristics. However, few studies have investigated the response relationship between photosynthesis and
soil moisture, or the effective use of soil moisture by Rosa xanthina in arid habitats. The objectives of this study are to
explore both the photosynthetic response to soil moisture and light and their quantitative relationship, and to attempt to

identify the threshold effect of soil moisture on photosynthesis in Rosa xanthina L. In addition, this study aims to determine
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the species’ photosynthetic productivity classification using physiological photosynthesis data. This new information will
provide references that will help further our understanding of the water use and photophysiological characteristics of Rosa
xanthina under drought stress. Three —year—old Rosa xanthina seedlings which were collected from the nursery and then
potted in buckets were taken as materials in the semiarid loess hilly and gully regions. Sufficient water was provided to each
seedling to saturate the soil in the bucket two days before the determination of photosynthetic parameters, and the soil water
content was then monitored with no further watering. We measured soil water content and the photosynthetic parameters
every two days until the seedlings withered. Using a CIRAS-2 portable photosynthesis system, the light reaction processes of
Rosa xanthina plants were measured under eight soil moisture conditions found in the semiarid loess hilly region. The result
showed that the net photosynthetic rate (P,), quantum yield (@), and water use efficiency ( WUE) exhibit clear
threshold response characteristics. Higher photosynthetic rates (P,) and WUE were observed in Rosa xanthina leaves when
the relative soil water content (RWC) increased from 36.2% to 81.2%, and there was no significant photoinhibition of
photosynthesis. When RWC was approximately 66.5% , @ and P, peaked, exhibiting strong potential energy utilization. The
transpiration rate (T.) and WUE peaked when RWC respectively were 81.2% and 44.5%. Based on the quantitative
relationship between RWC and the plants’ physiological photosynthetic characteristics, the RWC values measured when P, ,
@, T., and WUE reached their respective maxima, and when RWC corresponded to the inflectional values of intercellular
CO, concentration ( C,) were designated as points of differentiation. Thus, we propose a metric for the grading of soil
moisture availability according to its effect on Rosa xanthina photosynthesis. Soils with an RWC lower than 36.2% are
considered “low productivity and low efficiency” grade, those with an RWC of 36.2 -44.5% are considered “low
productivity and high efficiency” grade, those with an RWC of 44.5-66.5% are considered “high productivity and high
efficiency” grade, those with an RWC of 66.5-81.2% are considered “high productivity and medium efficiency” grade, and

those with an RWC greater than 81.2% are considered “low productivity and low efficiency” grade.

Key Words: photosynthesis; Rosa xanthina L. ; soil water; loess hilly region; grade division
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Table 1 Values of photosynthesis-light response parameters of Rosa xanthina L.

LHERIXS FK R RWC/ % P b/ Ry/ LCP/ LSP /

Relative soil water content (pmol m™2 1) ('mol/mol) (pmol m™2s71) (pmol m™2 s71) (mmol m™2 s71)
96.9 3.8+£0.35g 0.0232+0.00102e 0.804+0.091e 30.15+1.34f 500—800
81.2 9.6+0.31d 0.0356+0.00109¢ 1.240+0.085b 32.21+1.20d =1100
66.5 12.6+0.46a 0.0503+0.00091a 1.423+0.098a 32.96+0.73¢ =1100
54.3 11.7£0.57b 0.0458+0.00155b 1.404+0.103a 33.60+1.07b =1100
44.5 10.8+0.81¢ 0.0351+0.00064c¢ 1.162+0.096¢ 33.47+0.99b =1100
36.2 8.7+0.63e 0.0342+0.00093¢ 1.104+0.075¢ 37.48+0.55a =1100
29.9 6.2+0.51f 0.0268+0.00129d 1.024+0.059d 31.22+1.08e 500—800
24.8 2.4+0.64h 0.0238+0.00126e 0.564+0.065f 25.10+0.71¢g 500—800
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Table 2 Photosynthetic and physiological parameters in response to changes in soil moisture threshold of Rosa xanthina L.

BIRE (FMIE S - HEEK B FHH Soil moisture threshold
Photosynthetic physiological 5 K (MWC) /% R &K i (RWC) /%
threshold parameters Mass water content Relative soil water content
Cins 8.5 36.2
WUE,,,« 10.4 445
P s P 15.6 66.5
e 19.0 81.2

Cins SRMEC A BRI A 2R R S LR R AR AR ALR R Ci”ﬁﬁ{ﬁ C; when main limiting factor changed from stomatal factor to non
stomatal factor; WUE, . : K43 FI IR F KAE the maximum WUE; P, : IR KEOLE A the maximum P, ;@ - ;e KEH 1 F20% the maximum
DT, ZEEH R I KAE the maximum T,

WHEERBOC A A S 2 HOK e &R (B 2) KR P, @ T, WUE fie K RWC (BRI 8%
PEf = 1Y RWC IR SFHE) A1 C AT (XTI RWC (RIDEA1E R BR ) i AL I 2R 5 A2 R AL IR 2= A RWC i
FHE) VR R S (3R 2) , AT 3K o3 AR 43, 2 R BOG A ) - 5K 800 5590 (£ 3) . Hrh,
P R AR LA AR (P,) FDGE SRR (B T @) 1w I T A% B AR 38 i R K A
R (WUE) [ m i, BRI RWC KT 36.2%HF, P+ 358K 4375 ™ 5, B BOGAAF & AR AESFLRR §1 O
EHZ B %), H P, @ F WUE KPEBARME (18 2 F1k 3) , J& “ ™ IR 9%, 76 RWC 5 36.2%—
44.5% I, BORIECH i WUE 7KP88 ik B H B = KF- (RWC 2 44.5% 1) 14 87% LA B PRI @ 7KFHAIE,
HOE T AR= =30 5%, 24 RWC 7E 44.5%—81.2% i, BRI E A P, Al @ ZE 57855 = /K, ik 3 Hode K{E
(RWC H 66.5%W}) i) 78% F1 68% L) I ; Horh RWC 7F 44.5%—66.5% I , WUE i, B %5 5 K, ik 8 i K (H
(RWC N 44.5%5F) 1) 79% LA I SO K S 0 A < e 7 im0 S8 4% 1 RWC 24 66.5%—81.2% 0, Bl B 1)

x3 EBRBOLAERANIEKIBEERY S
Table 3 Grading of soil moisture effect on photosynthesis of Rosa xanthina L.

+ 387K 43 B{H Thresholds of soil moisture

K AN S

Classification of soil water ARXT & K i (RWC) /% & /KE(MWC) /%
Relative soil water content Mass water content

7= IRAX Low productivity and low efficiency <36.2;>81.2 <8.5;>19.0

7= B2 Low productivity and high efficiency 36.2—44.5 8.5—10.4

== High productivity and high efficiency 44.5—66.5 10.4—15.6

ErEhak High productivity and middle efficiency 66.5—81.2 15.6—19.0
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