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Effects of plant life-form and diversity on litter decomposition in a temperate

desert
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Abstract; In natural ecosystems, the litter layer usually consists of a diverse mixture of species that decompose together.
The processes of decomposition focusing on individual species have been extensively studies over the past few decades.
However, the impact of litter diversity on litter decomposition remains elusive. A litterbag experiment was conducted to
investigate the decomposition process and nutrient dynamics of four species (i.e., Haloxylon ammodendron (Ha) , Nitraria
sibirica (Ni) , Karelinia caspia (Ka) , and Sophora alopecuroides (So) ) individually and in mixtures. We aimed to explore
the potential effects of plant life forms and diversity on litter decomposition in the Gurbantunggut Desert. Initial chemical
properties of the litter materials play a crucial role in regulating the litter decomposition. After a 12-month period, the
decomposition rates of both individual and mixed litter exhibited a significant negative correlation with initial lignin/nitrogen

(N), carbon (C)/N, and lignin values, and a significant positive correlation with initial N content. Decomposition process
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was significantly dependent upon the plant life forms, with shrubs experiencing faster mass loss and nutrient release than
perennial herbs. The mass remaining of most litter mixtures did not significantly diverge from the expected values for
individual species. The only exceptions were the Ka-So and Ha-Ni-Ka-So plant combinations, which demonstrated a
significant synergistic effect at the first sampling. This result indicates a faster decomposition rate than the expected based on
the mass loss of individual species. However, the release of N and phosphorus (P ) from the mixed litter exhibited
antagonistic effects during the decomposition process. The N release from the Ha-Ni-So and Ha-Ka-So combinations was
inhibited during the initial stages of decomposition, while the P release from the Ka-So and Ha-Ni-So combinations was
inhibited during the later stages. After litter was mixed, an increase in litter diversity did not result in enhanced antagonistic
effects on nutrient release. Overall, our results demonstrated that litter diversity had no significant effects on decomposition
process. Litter species composition significantly decelerates nutrient release of most decomposing mixtures, although it did
not change litter mass loss during the decomposition process. These findings highlight that changes in litter species

composition rather than litter diversity might have profound effects on nutrient cycling in the desert ecosystems.

Key Words: desert ecosystem; litter decomposition; mixture effects; litter diversity; nutrient release
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Table 1 Initial chemical composition and decomposition rate of single-species litter

BRI AN Bt NSRRI TEAESE WET
Initial chemical composition Haloxylon ammodendron Nitraria sibirica Karelinia caspia Sophora alopecuroides
fik Carbon/% 51.48+0.23a 50.05+0.20b 51.65+0.38a 48.64+0.05¢
4 Nitrogen/% 3.22+0.05d 5.25+0.02a 3.47£0.02¢ 3.65+0.04b
i Phosphorus/% 0.11+0.00¢ 0.23+0.00b 0.24+0.00a 0.17+0.00d
Al Potassium/ % 2.96+0.05a 1.63+0.20b 1.03+0.02¢ 0.91+0.02d
L2 K Hemicellulose/ % 14.77+0.90a 9.88+0.44 b 10.12+1.24b 13.29+0.91a
YR Cellulose/ % 11.71+1.03b 8.09£0.37c 8.93+0.52¢ 15.06+0.83a
ARRE Lignin/% 4.82+0.21bc 4.47+0.17¢ 6.71+0.16a 5.30+0.04b
ik/ % C/N 15.98+0.31a 9.53+0.03d 14.90+0.12b 13.34+0.16¢
AR # /A Lignin/N 1.50 +0.08b 0.85+0.03c¢ 1.93+0.05a 1.45+0.01b
J3f## 2 Decomposition rate 0.56+0.02¢ 0.91+0.04a 0.47+0.03d 0.71+0.03b

[EF7 A [ /NG T E R R M i e 22 53 2.3 (P<0.05)
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Fig.1 Mass remaining, N remaining and P remaining in single-species litter during decomposition process
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Table 2 Observed and expected decomposition rate of the mixed-species litter

RETAEY 433 Decomposition rate TR
Mixed-litter SEE Observed value WIR(E FExpected value Mixture effects
Ha-Ni 0.74£0.03 0.74+0.02 ns
Ni-Ka 0.63a+0.03 0.69+0.03 ns
Ka-So 0.53+0.01 * 0.59+0.02 —
Ha-Ni-So 0.59+0.04 0.73£0.02 —
Ha-Ka-So 0.57+0.02 0.58+0.01 ns
Ha-Ni-Ka-So 0.69+0.03 0.66+0.02 ns

BT FIRI RS E AW 22 5 3 (¢ P<0.05, #* P<0.01) ;— W EFEPIE Significantly antagonistic effects ; ns : JG i & 1R A 3%

W No significant mixture effects

®3 RAABYINSBERMESYESVBNFHEHBBNXR
Table 3 The relationship between initial chemical composition and observed decomposition rate (k) of the mixed-litter and mixture effects

W/ % B/ % W/ % Bil/%  CREAHER/ % TR/ % KIFRE/%  BR/A Y NGEVE A

Carbon Nitrogen ~ Phosphorus ~ Potassium Hemicellulose Cellulose Lignin C/N Lignin/N
S 43 % Observed £ 0.43 0.49** -0.20 0.58 *** 0.01 -0.42* -0.55"*" -0.42* -0.58***
TRA RN Mixture effects 0.32 -0.06 -0.10 0.17 0.07 -0.08 -0.04 0.12 0.01

#* P<0.05, #* P<0.01, %% P<0.001

232 IRATHIEYRIFRT R

TEAMRE 12 D H N, 6 RS TS YIAE it B b N P 3R BRI R I B, SR, AT HI IR A 3%
ETK [Fi] (4 0 b 2L RN A A B B R B AR M TR) (1 4 ANTEL S)

EIRATIEY N 5% 8 R 710, 43 1 4~ H B Ha-Ni  Ha-Ni-So . Ha-Ka-So 2145 5500 N 5% B8 2% b =2 (8 4351

T 40.94% 28.35% \17.64% ; 73 6 > H i}, Ha-Ni-So ,Ha-Ka-So . Ha-Ni-Ka-So 2 & 52l N %% ”Kttﬂﬁ%ﬁ/ i
A5 30.51% ,22.30% ,20.03% , HiX 2z 343k 8] i K- (P<0.05) o AL, 20 1 A H B J7E R G
W17 Ha-Ni Ha-Ni-So } Ha-Ka-So 4181 N B, 7643 f# 6 > H i i 240 %] T Ha-Ni-So . Ha-Ka-So . Ha-Ni-
Ka-So 41 N B, WAESM 9 A 12 A A B FIRA VR IE ) N 58 B3 25 0% S DN A EE A 34 G B 3% 22
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