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Abstract ; Litter decomposition determines the nutrient and carbon cycling processes and regulates nutrient return to the soil
in many terrestrial ecosystems. Wood plant litter decomposition is a crucial biogeochemical process for carbon and nutrient
cycling, especially in arid and nutrient-constrained ecosystems. However, the role of litter decomposition in extreme drought
deserts and the determining factors remain debatable and poorly understood. The Taklimakan Desert Highway Shelterbelt
consists of three artificial plant species that account for the majority of net primary productivity, and their litters are the

major contributors to carbon and nutrient recycling. In such artificial desert shelter forests, the addition of fertilizer causes
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contradictory effects on litter decomposition and nutrient dynamics. This study aims to (1) examine how the addition of
fertilizer affects surface litter decomposition and nutrient dynamics, and (2) determine the major factors influencing litter
decomposition in arid deserts. The litterbag method was used to investigate the assimilative branches decomposition of
Calligonum arborescens and Haloxylon ammodendron, and the branches decomposition of Tamarix ramosissima in the
Taklimakan Desert Research Station. Filled litterbags were placed on soil surfaces at different plots in March 2013. Fertilizer
addition and irrigation were implemented from March to November during the experiment. Litterbags were collected in May,
July, September, and November of 2013, and in March and May of 2014. The mass remaining, elemental content ( carbon,
nitrogen, phosphorus, and potassium) , and decomposition rates of litter were analyzed at each decomposition stage. Results
showed that after 420 days of decomposition, significant differences were found among control ( without fertilizer) , addition
of nitrogen fertilizer, and phosphorus and potassium compound fertilizer treatments. The mass remaining for the assimilative
branches of C. arborescens, assimilative branches of H. ammodendron, and branches of T. ramosissima without fertilizer
addition were 54.95%, 31.32%, and 50.24% , respectively. The decomposition rate of fertilizer treatments among different
litters was the highest for the assimilative branches of H. ammodendron, followed by the branches of T. ramosissima, and
then the assimilative branches of C. arborescens. The addition of phosphorus and potassium compound fertilizer significantly
accelerated the litter decomposition rate of the three plant species, whereas nitrogen fertilizer increased the decomposition
rate of the branches of T. ramosissima and restrained the decomposition rate of the assimilative branches of C. arborescens
and H. ammodendron. During the decomposition process, litter nutrients presented net release patterns in the treatments
without fertilizer. In contrast, the nitrogen, phosphorus, and potassium contents of the fertilizer treatments showed an
accumulation-release pattern. The litter decomposition rate was determined by the initial phosphorus content and C/N and
C/P ratios at the initial decomposition stage. However, the decomposition rate was controlled by the initial potassium,
lignin, and cellulose contents and C/N, and lignin/N ratios at the final stage. Overall, the results suggest that the addition
of fertilizer significantly changed the decomposition rate of surface litters, increased the amount of returned nutrients, and
postponed the time of nutrient release. Improving soil fertility in the Tarim Desert Highway shelterbelt is essential in
enhancing the quality of this valuable ecosystem. The initial litter C/N ratio is critical to surface litter decomposition in the
Tarim Desert, and the initial chemical composition to surface litter decomposition rate varies at different decomposition

stages.

Key Words: mass remaining; litter decomposition rate ; nutrients; fertilizer addition; Tarim Desert Highway shelterbelt
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Table 1 Initial chemical properties of litters ( mean + SD)

whr T AR5 4 B Z RN
Index C. arborescens H. ammodendron T. ramosissima
4% Total C/ (g/kg) 401.17£1.75 a 349.36£0.75 b 400.82+5.26 a
4% Total N/(g/kg) 4.48+0.17 a 11.38+0.13 b 9.70+0.32 b
4= Total P/ (g/kg) 0.75+0.03 a 0.45+0.03 b 0.24+0.02 ¢
441 Total K/ (g/kg) 4.94+0.20 a 8.36+0.04 b 4.20£0.14 ¢
AJRE Lignin/ (wt.%) 27.48+0.16 a 14.95+0.32 b 26.03+0.77 a
FYEE Cellulose/ (wt.% ) 29.58+1.07 a 18.29+0.36 b 28.86+0.87 a
kA Lt Ratio of C/N 90+1 a 31+2 b 41+3 b

AW L Ratio of N/P 537+19 a 817+57 a 1718+76 b
ARIFRZA L Ratio of Lignin/N 61+4 a 132 b 2743 ¢

[FIFTANR/NG FRE IR TE 0.05 /K- F 225 3
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Fig.1 Effects of fertilization on litter mass remaining
CK, % BEALIH control treatment; NF i A AL 2 addition of nitrogen fertilizer; PK , i IR % 4 AEAL B addition of phosphorus and potassium
compound fertilizer. * fl ns, MF M 227 significance level (ns:P>0.05, * P<0.05, * * P<0.01)
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20.45%F1 16.05% , 8754053 e 75 15 ) 43 386 A1 19.72% F 16.67% . JRT5 4045 it S8 R A0 W) R ) FE AR 0 8
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Table 2 Negative exponential decomposition equations of litter decomposition

Olson 1454k

ik Qb SE YA 5%%%'3@( .1{2 I RE K . to.5(a) ‘ tpos(a)
Species Treatment Negative exponential Deterrrflr-latlon Decay _LIO ns_t]a n/ Time of bélf Time of 9,54%
decomposition model coefficient (ggla) decomposition decomposition
PN INUE RS CK Y=100.88¢™0-044 0.92 0.53 1.30 5.63
C. arborescens NF Y=99.38¢0037¢ 0.92 0.44 1.56 6.74
PK Y=103.29¢0-00 0.98 0.60 1.16 5.00
B CK Y=94.27¢70078 0.92 0.94 0.74 3.18
H. ammodendron NF Y'=93.29¢ 70067 0.91 0.81 0.86 3.71
PK Y=89.84¢70 104 0.90 1.25 0.55 2.39
e CK Y=85.51¢ 004! 0.81 0.55 1.26 5.47
T. ramosissima NF Y=92.76e0051 0.91 0.61 1.13 4.89
PK V=84.34¢ 0047t 0.81 0.57 1.23 5.30

CK, I AL #E control treatment; NF, Jifi FH ANE AL addition of nitrogen fertilizer; PK, it FH R B 2 A B A B addition of phosphorus and

potassium compound fertilizer

i e 2 o i ek () BREE A AL R ) 55 R v 0 ik A IR O, DR L o8 4 4 T i R TN
T o g R BRI C P &R AUR I ZR/N AR B 40 - b T000 AR MR U 78 W 1 43 i
SEE RN iR TS AT SR R B AR R SR A S 0 2 S AR R T R
DX D A AR UR & 0 2 S DR AT ) C/N LU Al ORI — AN 2 R AR5,
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Table 3 Person correlation relationship between initial chemical composition and decomposition rate

4 I A

FTI 3 i ik 5 CK -0.11 0.41 -0.67" 0.22 -0.31 -0.36 -0.75* 0.69" -0.41
Initial decomposition NF -0.17 0.66 -0.87* 0.12 -0.17 -0.09 -0.72* 0.83"* -0.64
rate PK -0.12 0.71*  -0.91*" 0.14 -0.17 -0.23 -0.74* 0.87"* -0.67"
Je 3 G ik CK -0.96**  0.84** -0.37 0.92**  -0.99**  -0.97** -0.77" 0.14 -0.83**
Final decomposition NF -0.67"* 0.97"*  -0.77" 0.84**  -0.73*  -0.71*  -0.97** 045 -0.97*"
rate PK -0.97** 076"  -0.28 0.95**  -0.99*" -0.97** -0.72* 0.19 -0.79"

CK, XJHEALFE control treatment; NF, jifi Fl & AC AL B addition of nitrogen fertilizer; PK, jifi #4012 & AL ALH addition of phosphorus and

potassium compound fertilizer. * P25 5 significance level ( * P < 0.05, * * P < 0.01).
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