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Effects of biological soil crusts on the photosynthetic
characteristics of three desert herbs in Gurbantunggut Desert
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Xinjiang Normal University, Urumagi 830054, China; 2. Xinjiang Institute of Ecology and Geography,
Chinese Academy of Sciences, Urumgi 830011, China)
Abstract. We examined the influence of biocrusts on the photosynthetic physiology of three
habitat-typical desert herbs ( Erodium oxyrrhynchum M. Bieb., Alyssum linifolium Steph. ex
Willd. and Hyalea pulchella (Ldb.) C. Koch) from Gurbantunggut Desert in northwest China
by biocrust removal. Based on soil nutrients and water distribution, the influence of biocrusts
on plant photosynthetic characteristics was synthetically analyzed. Results showed that the
effect of biocrusts on the photosynthetic characteristics of the three plant species was the
same. The leaf relative water content ( RWC), photosynthesis ( P,), stomatal conductance
(G,), transpiration rate ( £), water use efficiency ( WUE), PS Il photochemical efficiency
(F,/F.,), PST quantum yield (®.; ), and chlorophyll content (Chl) of the three species in
crusted soils were higher than those in uncrusted soils in the early growth period, but lower in
the later growth period. Our findings indicated that the effects of biocrusts on the
photosynthetic parameters of the three ephemeral species were consistent with those on
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growth, possibly through their effects on soil nutrients and moisture.
Key words. Gurbantunggut Desert; Biological soil crusts; Desert herbs; Photosynthetic

characteristics
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Variations in soil moisture inthe 0 =5 cm, 5 — 10 cm, and 10 — 15 cm
soil layers under biocrusts during periodic sampling

Fig. 1

R1 EYEESEREYEREX IMERERAEYH B EKE
Table 1 Leaf RWC of Erodium oxyrrhynchum, Alyssum linifolium, and Hyalea pulchella
in crusted and uncrusted soils during five growing periods (Mean + SD, n = 3)

Erodium oxyrrhynchum Alyssum linifolium Hyalea pulchella

[Ela%z H: W4k e EEREYE K G/ EERAEYEE K G/ EERAEYEE K
Crusted soils Uncrusted soils Crusted soils Uncrusted soils Crusted soils Uncrusted soils
Apr. 7 60.6 £ 4.2 632 +2.7 516 +19 539 +22 57.3 + 3.6 56.2 + 5.2
Apr. 17 59.2 + 6.1 63.1+25 56.6 + 6.0 57.4 +5.7 65.6 +5.4 64.6 +7.6
Apr. 30 62.4 +23 60.1 + 0.6 57.0 £ 3.6 66.4 +26" 67.0 £ 6.4 70.1 £ 3.1
May 15 521 +26 551 +6.3 527 +19 59.7 +3.0" 524 +2.6 60.2 +1.3°
May 25 42.9 + 3.1 512+21" 421 +20 537 £5.2" 46.4 + 3.8 55.0 £4.2"
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Table 2 Effects of biocrusts (B), plant species (S), growing periods (P), and the interactions among them on
growth and physiological characteristics using factorial analysis of variance

e Ji 259 Source of variance

Characteristics Fgs Fs Feo Fgxs Fgxp Fsxp Foxsxp
Leaf RWC 42.54* 33.06 ™ 14.81* 2.23 3.06" 2.94* 0.79
P, 4.58 14.88™ 385.65™ 2.62 19.26 ™ 277" 243"
G, 0.76 247.04* 238.82™ 1.06 17.46™ 3.57 1.7

E 0.91 163.96 ™ 118.69 ™ 1.51 13.95 5.15™ 1.52
WUE 1.43 2660.39 ™ 171.44™ 2.18 32.23™ 3.26™ 1.48
F/F., 0.21 161.35 113.56 ** 0.61 16.95™ 2.06 1.18
Dot 0.84 339.26 " 23.17™ 5.24~ 14.04™ 2.29 1.15
Chl 0.19 58.54 ™ 292.73* 0.54 13.41™ 7.42* 229"
Chl,, 4.36 0.58 3.03" 0.16 0.16 0.81 0.18
Biomass 30.78 1389.48 ™ 2406.83 ™ 12.82™ 40.14™ 539.48 ** 19.34*

T RPREH FIRKRE, = P<0.05, #xP<0.01,

Note . Values indicate results of F test. = P < 0.05, #** P < 0.01.
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Fig. 2 Variations in net photosynthetic rate (P,), stomatal conductance ( G,), transpiration rate (E), and
water use efficiency ( WUE) of three herb species during different growth periods under the effects of biocrusts
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Fig. 3 Variations in Chla fluorescence of three herb species during different growth
periods under the effects of biocrusts
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Fig. 4 Variations in chlorophyll content of three herb species during different growth
periods under the effects of biocrusts
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Fig. 5 Linear correlation between P, , F,/F,. , chlorophyll content, and leaf RWC
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FRFR LR 35 i 2 5 3 AR 4 A R AR W R
ME(E2),

x3 EWMERREERENMERRHTEFRSRR

Table 3 Nutrient conditions of soils in crusted and uncrusted sites

0~5cm 5 ~10cm 10 ~ 15 ¢cm
g RS KRR WS ERAWSE AW KBREWEK
Crusted Uncrusted Crusted Uncrusted Crusted Uncrusted
soils soils soils soils soils soils
Organic matter (g - kg™") 3.69 +0.14" 2.68 + 0.42 1.64 £0.22 1.37 £0.18 1.39 £ 0.11 1.12 £ 0.16
Total N (g - kg™") 0.23 £0.04" 0.14 + 0.01 0.13 £0.01~ 0.08 + 0.01 0.10 £ 0.02 0.07 + 0.01
Total P (mg - kg™") 0.45 + 0.01 0.41 + 0.03 0.40 + 0.03 0.38 + 0.001 0.41 +0.02 0.39 + 0.006
Total K (mg - kg™") 12.47 + 0.08 11.86 + 0.82 12.29 + 0.64 11.63 + 0.06 12.18 + 0.54 11.39 + 0.44
Available N (mg - kg™") 9.56 £ 0.97" 6.96 + 1.11 8.67 £0.78" 6.01 +0.83 6.15 + 1.06 414 £1.05
Available P (mg - kg™") 6.17 £ 0.58" 4.51 + 0.51 488 +0.24* 3.69 + 0.36 3.66 +0.32" 2.89 + 0.06
Available K (mg - kg™") 158.6 + 7.1 145.6 + 20.0 149.0 + 6.5 139.3 + 13.6 1426 + 10.4 127.6 + 16.8

R4 3 MITEBEAREMAS £ BIERS LRk 5D Z BRER S TS5

Table 4 Stepwise regression analysis on relative importance of soil moisture and nutrition differences in
terms of growth and physiological characteristics of the three herb species
A PR bR Jem e 2F LT HMEESE it s

Physiological characteristics Erodium oxyrrhynchum

Alyssum linifolium

Hyalea pulchella

LK) Early growth stage
Y = -0.02N + 0.01W + 14.13

P
" R?=0.04

Y = 0.03N + 0.004W - 0.96
WUE R2=0.76

Y = 0.002N + 0.001W + 0.05
A/ Fon R?=0.51

Y =0.24 + 0.05W - 18.79
chl R2=0.82"

Y = 0.09N + 0.03W - 7.81
R?=0.93"

Y = 0.03N + 0.006 W — 2.29
R%=0.86"

Y = 0.001N - 0.001W + 0.26
R?=0.45

Y = 0.03N - 0.01W + 10.50
R?=0.11

Y = 0.14N + 0.05W - 10.06
R?=0.35

Y = 0.02N - 0.01W + 1.75
R?=0.96"

Y = 0.003N - 0.0003W + 0.12
R?=0.89"

Y = 0.17N + 0.03W — 4.46
R?=0.50

HKIEIH Later growth stage
Y = 0.59N + 1.26W + 3.16

P
" R?=0.63
Y = 0.05N + 0.15W + 3.36
WUE
u R?= 0.61
FIE. Y = —0.04N - 0.02W + 0.77
R?=0.59
chi Y = -1.79N - 0.61W + 35.99
R?=0.84

Y = 0.26N + 0.82W + 4.05
R?=0.84"

Y = 0.47N + 0.49W - 2.65
R?=0.53

Y = 0.05N + 0.06W - 0.22
R?= 0.49

Y = —0.69N + 0.37W + 16.42
R?=0.89"

Y = =0.19N + 1.11W + 12.70
R?=0095"

Y = 0.06N + 0.20W + 3.46
R?=0.74

Y = —0.008N + 0.005W + 0.53
R2=10.72

Y = -0.12N + 1.16 W + 20.95
R?=0.94"

e N, REAAE; W, ROk
Notes: N, Total soil nitrogen; W, Soil moisture.
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Fig. 6 Variations in individual biomass of three
herb species during different growth periods
under the effects of biocrusts
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