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Abstract Aims Spring ephemerals characterized by very short-term growth rhythm and specific biological
traits in the Junggar Desert of China play an important role in succession of the desert plant community main-
tenance of the desert biological diversity and conservation of water and soil in desert. The main aim of the pre-
sent study was to address 1 the photosynthetic characteristics and the biomass allocation traits of spring
ephemerals and 2 the relationship between these traits and unique growth pattern of these spring ephemerals.
Methods  In vivo photosynthetic traits of 16 spring ephemerals at their growth stages were measured by an
open gas-exchange measurement system Li-6400 and biomass allocation patterns were measured in seven
species.

Important findings Maximum net photosynthesis rate P,,,. maximum transpiration rate 7T,.,. and wa-
ter use efficiency WUE of 16 species were 8.07 ~35.96 pymol CO; m™% s™' 3.16 ~29.64 mmol H,0
m~* s~ ' and 0.54 ~ 4.26 pmol COs mmol ~'H,0 respectively. P, was positively correlated with maxi-
mum stomatal conductance the correlation coefficient was 0.77 p <0.05 and the slope in the linear region

was 26.36 pmol mmol ~'. Based on analysis for the response of P, to internal CO, concentration and to photo-
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synthetic photon flux density apparent CO, compensation point are in the range of 4 to 5 Pa ambient air tem-
perature of 28 ~ 30 °C during the measurement  apparent carboxylation efficiency ranged from 0.64 to 1.86
pmol CO; m™% s™% Pa~! and apparent quantum yield ranged from 0.05 to 0.06. Biomass allocation data
analysis showed that individual biomass of spring ephemerals were very low 0.05~0.39 g . Total leaf area
ranged from 3.24 to 51.40 cm® leaf mass per unit leaf area ranged from 0.40 to 0.77 ¢ m™2  root/total
biomass ratio was 5.72% ~ 19.43% and leaf area ratio was 2.92 ~9.00 m* kg~'. The percentage of total
biomass allocated to roots was positively correlated with WUE for the seven investigated species r =0.93
p <0.01 . Results indicate that the species investigated are typical C; plants. These spring ephemerals are
characterized by higher P, T, and lower WUE in comparison with other desert species. The unique biomass
allocation of low root/aboveground biomass ratio higher leaf area ratio higher leaf mass per unit leaf area
and photosynthetic traits are involved in the physiological mechanisms that contributed to the rapid growth of
desert spring ephemerals.

Key words Junggar Desert spring ephemerals photosynthesis rate transpiration rate water use efficiency
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Mooney 1976 -m~* s WUE
Camisonia claviformis P, 0.54 pmol CO; mmol ' H,0 4.26
59 pmol COs m~* s~ ! G P, pmol CO; mmol ! H,0 25%
WUE 1 pmol CO; mmol ~' H,0 62.5%
Priax 2 Pria WUE ~ 1~3 pmol CO; mmol™' H,O  12.5%
P, Prima WUE 3 pmol CO; mmol ~' H,0
35 : 96 HmOI C02 16 Pll max GS max
R
m < s 30.42 1 P G
-2 -1
HmOI CO2 m - s anax 077 p<005
8.07 pmol COy m~% s7! 26.36 pmol mmol ! P =
P nax 6.868 +26.355G,,.« 16 P ax
P nmax Gs max Santiago WI’lght 2007
-2 -1
T, nax 3.16 mmol H,0 m™= s Cy P, G,
29.64 mmol H,0 m™> s~! Glopnet P,=4.585+24.43
87 % T e 10~ 30 mmol H,O G, Cs
2 16
Table 2 The in situ maximum net photosynthesis rate  P,,,, ~ maximum transpiration rate T, and water
use efficiency WUE of 16 spring ephemerals measured
Species P, pmol CO; m2 57! Tomee  mmol H,O m™2 7! WUE  pmol CO; mmol ~'H,0
Eremopyrum triticeum 18.70 + 0.60% 16.28 £ 0.84" 1.37+0.28°
E. distans 18.42+0.71 14.08 +0.98" 1.94+0.68
E. orientale 21.94+0.03*" 15.13+0.92% 1.58+0.27%
Trigonella arcuata 35.96 +1.28¢ 17.51+2.98° 2.11+0.34
Hyalea pulchella 8.07+0.60° 15.21+£2.23¢ 0.54+0.08°
Heteracia szovitsii 19.30 +2.41" 18.91 £3.21° 1.08 £0.254
Koelpinia linearis 8.41 £1.28* 13.88 +2.32" 0.54+0.05°
Ceratocephalus testiculatus 20.10 + 3.89# 11.26+0.78% 1.79 £0.34"
Alyssum linifolium 18.18 +2.95% 4.32+1.93% 3.88+0.11¢
A. desertorum 18.94 = 1.44" 17.97 + 1.19¢ 1.09 0.032"
A. dasycarpum 30.42 +0.30* 29.64 £2.31% 0.88+0.31¢
Diptychocarpus strictus 11.30£0.76 10.56 = 1.09" 1.12£0.21%
Malcolmia africana 23.58 +2.13 16.64 +0.57% 1.42+0.16*
Chorispora sibirica 12.53 £1.26" 3.16 £0.35% 4.26+1.06"
Lepidium perfoliatum 10.30 £0.45" 11.88 +0.08™ 0.87+0.03
Isatis minima 21.74+2.28' 20.63 + 3,98 1.15+0.28%
p=0.05 LSD Data with the same letters are not significantly different at p =0.05 level in a
tier LSD test
2.2 P,-C - CO, 4~5 Pa 25 C G
CO, 3.69 Pa CO,
C, 20 Pa C, P,
10 P,-C;
2 P,-C; 0.64 pmol COy m™>* s~ Pa~!
1 5- Rubisco 1.86 pmol COy m~ %2 gL pa!
CO, 2 10 CO,
P n COZ 10
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Table 3 The total leaf area root/total biomass ratio individual biomass root/aboveground biomass ratio leaf mass per unit
leaf area LMA and leaf area ratio LAR of seven selected spring ephemerals
/ /
Soeci Total leaf area Root/total biomass Individual biomass Root/aboveground LMA LAR
ecies
pecies e ratio g biomass ratio gm? m* kg~

4.6198+2.394 4
Koelpinia linearis 3.4944+1.1140
Trigonella arcuata 8.256 0 +3.903 0
3.9702+2.1807 0.059 8+0.032 3
7.3500+2.5855 0.0723+0.0125
51.401 9£29.036 0 -
Eremopyrum triticcum  3.2440+2.5905 0.1943+0.146 9

0.0720+0.026 6
0.0572+0.044 2
0.100 1 +0.100 8

Heteracia szovitsti
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Fig.4 Relationship between water use efficiency WUE and root/total
biomass ratio of six spring ephemerals
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