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Abstract: Stem photosynthesis reassimilates CO, that released from their own respiration, which effectively reduces the CO,
efflux to the atmosphere. In this study, Haloxylon persicum, the dominant woody plant in Gurbantunggut Desert, was
selected as the research object. A portable LI-6400 photosynthesis system combined with P—Chamber was used to observe
the light response and diurnal photosynthetic characteristics of leaves and stems. The environmental factors, including
temperature and humidity, photosynthetically active radiation, soil temperature and water content, and leaf or stem traits
(chlorophyll content, water content, dry matter content, carbon or nitrogen content, etc.) were monitored to reveal the

main influencing factors of leaf or stem photosynthesis. The destructive sampling was used to quantify the total surface area
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of leaves and stems to clarify the contribution of stem photosynthesis to individual carbon balance. The results showed that
(1) the chlorophyll content of the leaves was 12—16 times than that of stems in H. persicum, and there was no significant
difference in chlorophyll content among different diameter stems. (2) The light saturation point of the stems was lower than
that of the leaves, and the dark respiration rate and photosynthesis of different diameter classes (from coarse to fine) of
stems gradually decreased. (3) The photosynthetic effective radiation, soil moisture and air temperature and humidity were
the main factors affecting leaf photosynthesis, but had no significant effect on stem photosynthesis. There was a strong
correlation between stem photosynthesis and stem. (4) Stem photosynthesis fixed 73% of CO, produced by its own
respiration, and the highest rate reached 90% , photosynthetic CO, fixation in stems accounted for about 15.4% of individual
level carbon fixation. The results of this study show that there may be a fundamental defect in ignoring the contribution of
stem photosynthesis to predict the carbon process of desert ecosystem under the background of future climate change. When
estimating the stem respiration, it is necessary to consider whether there is stem photosynthesis to improve the accuracy of

branch respiration.

Key Words: stem photosynthesis; cortex photosynthesis; bark photosynthesis; stem respiration; chlorophyll content;

Haloxylon persicum
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Fig.1 Photosynthesis measuring device for branches and stems
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Fig.2 Average daily change of environmental factors during the study period
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Table 1 Fitting of light response curves of leaves and stems in H. persicum

HAL A A SH R*Fitted parameters and R*
Position Model LSP LCP R, Py AQE R?
M A Leaf MEA 4.21 18.49
RH 139 4.54 35.34 0.037 0.9945
NRH 155 3.89 25.5 0.026 0.9988
EE 45 1.21 20.94 0.027 0.9980
MRH 1908 150 4.04 18.53 0.029 0.9998
MEA 1.72 -0.45
RH 1.74 1.41 0.014 0.9881
(08357 NRH 1.71 1.31 0.008 0.9976
Stem C EE -0.45 0.9984
MRH 1204 1.73 -0.42 0.012 0.9956
MEA 1.78 -0.41
RH 1.82 1.55 0.010 0.9815
B 4k NRH 1.78 1.38 0.006 0.9950
Stem B EE -0.45 0.9919
MRH 1509 1.81 -0.42 0.009 0.9839
MEA 2.93 -0.69
RH 2.98 2.53 0.013 0.9922
A Gk NRH 2.93 2.31 0.009 0.9985
Stem A EE -0.76 0.9953
MRH 1812 2.96 -0.72 0.012 0.9938
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Fig.5 Daily change in net photosynthetic rate of leaf and stem of H. persicum
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Table 2 Various parameters of different parts of H. persicum

AR AR AL AHXS & 7K B/ % FE ALY (em?/g) TH oA i SR/ (mg/g)
Position of plant RWC SLA LDMC TC

M H Leaf 92.56+1.30" 88.28+22.41" 0.325+0.009" 430.426.0"

C %4k Stem C 74.42+2.26% 9.12+0.85" 0.655+0.012% 482.0+9.15
B 4% Stem B 80.78+1.72" 5.1420.17% 0.684+0.019" 482.3+6.5™
A YA Stem A 86.48+0.90"% 3.36+0.24% 0.695+0.016"" 482.0+4.5

YR/ N R 2 7 RBP R IR R RS FEERIRTE 0.05 /KT LA 50t i Z (8 22 57 B3 [ — 3R R/NE FR:RIR1E 0.05 KF L
il 225 0 35, RWC: M X} &% /K 5 Relative water content; SLA : Fb I T #1 Specific leaf area; LDMC: T %) i &% & Dry matter content; TC: i Bk

Total carbon

M3 AP OB ER S A IR 2 X DS A SR AT A B AR G, A, e ok
MR 5 i B e R A SC P E M s, TRJR I KR (10 em) BGRJE RIS KR (5 em) 50O E
R AN S5, SR FOGE AR Z IR LS KR (10 om) AUSEMA TR, A5 P I o 4 5 0l A 280
SF 2 AR AN ZS SRR EE A SC PR (HRL 05 5 PR P R AG Y S 3 A SR A i A2 5k
ARZIGLN TR0, 6 SRR FOE R SR A AR T R4 R AT B a S
R G BT IR H A 35 R ARMEASC S A, R B FIEC e B A e —E Bk

®3 BRRAEBUNAASHERFHEXRY

Table 3 Correlation coefficients between environmental factors and photosynthesis in different parts of H. persicum

Rd P, PAR T, RH SWCs Ts SWC,, Tsyo P,
Rd, 1 0.947 " 0.533 " 0.527 " -0.527" 0.334 0.273 0.082 0.210 0.612"*
P, 0.947"" 1 0.386 0.423 -0.423 0.220 0.259 0.069 0.174 0.501 "
P, 0.612"* 0.501" 0.624"* 0.643"* -0.643"" 0.508 * 0.509 0.557" 0.544 " 1

# 40.05 KF EBE; « o« R 0.01 KF LB P, . HEEAHE R Net photosynthetic rate (pmol m™ s™') ; R, : BEFENE# %R Dark respiration
rate(pmol m™ s71) P, . i F MOEA I Gross photosynthesis rate in stem (pmol m™ s7'); PAR: Y64 4 24§ Photosynthetically available
radiation;; T, : 25 HRHE Air temperature( °C ) ; RH; MIXHESE Relative humidity(%) ; SWC 5 ;5 em H3E /K4t Soil water content under 5 cm; Tss ;
5 em HIEIRE Soil temperature under 5 cm(°C ) ; SWCy: 10 em +HEE K H: Soil water contentunder 10 em; T, : 10 cm +3EIE ¥ Soil temperature

under 10 em( °C)
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Fig.6 The linear relationship of photosynthetic rate between leaves and branches of H. persicum
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