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The effects of precipitation gradient control on the leaf functional traits and soil

nutrients of the dominant plants in a desert steppe
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Institute of Desertification Control, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, China

Abstract ; Investigating how leaf functional traits change with precipitation gradients is important for understanding the
dominant plant adaptation strategies to cope with environmental change. The functional traits of the desert steppe dominant
plants, Agropyron mongolicum, Stipa breviflora, and Lespedeza davurica varieties, were analyzed, as were the correlations
between soil moisture, nutrients, microbial characteristics, and the response traits. This field study was conducted at
Dashuikeng Grassland Research Station, Yanchi County (106°58'E, 37°24'N, average elevation, 1 560 m) , Ningxia Hui
Autonomous Region, China. This region covers a large ecosystem of desert steppe that characterized by low rainfall and
uneven precipitation, along the southwest edge of the Mu Us Sandy Land. In the study desert steppe area on the southeastern
margin of the Tengger Desert, the average annual precipitation was only 298.3 mm during the 60 years from 1959 to 2019.
The precipitation was regulated by the measurement of artificial rain using rainwater shed and sprinkler irrigation

technologies, in order to evaluate precipitation effects on the biological soil crusts in desert steppe compared with natural
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precipitation. 12 precipitation treatments (6 mX6 m) were set up at the test station in early March 2018, where 3 m wide
buffer zone was designed between each plot. Control conditions of precipitation were designed via the shelter and sprinkler
irrigation system, including 3 precipitation treatments, natural precipitation ( CK) , low water treatment (LW, 50% water
reduction) , and high water treatment ( HW, 50% increase ). Each precipitation treatment has 4 replicates. In the same
period, small weather stations were set up in the test area. TRIME-PICO TDR Portable Soil Moisture Meter ( made in
Germany ) was used for the data collection of precipitation in the soil water depth of 10 ¢cm. The results showed that the leaf
area (LA) and leaf dry matter content (LDMC) of all plants increased significantly with high water treatment (HW, 50%
increase ) , and low water treatment ( LW, 50% water reduction) significantly reduced the LA and LDMC of Stipa breviflora
and Lespedeza davurica. Precipitation had no effect on the specific leaf area (SLA) of Stipa breviflora but the SLA of
Agropyron mongolicum significantly increased with the LW treatment. LW significantly improved the leaf nitrogen content
(LNC) and leaf phosphorus content ( LPC) of Agropyron mongolicum and Stipa breviflora. In Agropyron mongolicum and
Stipa breviflora, LW significantly improved the leaf nitrogen content ( LNC) and leaf phosphorus content ( LPC). HW
significantly reduced the soil carbon (C) and nitrogen (N) content, and both treatments significantly reduced the number
of fungi, but the number of actinomycetes and the soil microbial biomass carbon ( SMBC) and nitrogen ( SMBN)
significantly increased. All plants had a significant positive correlation between LA and soil moisture. Agropyron mongolicum
and Stipa breviflora adapted to an arid habitat by increasing SLA, LNC, and LPC, and the key indicators of soil phosphorus
(P) and the effectiveness of microbial biomass may be LNC and LPC. Lespedeza davurica used self-regulating nutrient
utilization strategies to adapt to habitats with low C, N, and P and low microbial activity, thereby confirming its dominant

position in the community.

Key Words: desert steppe; dominant species; leaf functional trait; soil nutrients; precipitation gradient
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P HARREIK (CK) 87K 50% 387K 50% , AP AL P B 4 4 6 mx6 m (YEE/NX (1), B/ NXJE
WE T 1 m HERKZE /NIRRT 3 m GRS X, R 100 B SCPE AR R RE | B A 2E 8, AR 4 2
ARFHR 5] ol T 8 B 8 23R W o S 3, IR AR R R /K46 T 1000 L AYAEFRA v, A FH /K SRS 2R 48
R WSCARE B R 7 H S 2250 17 ) 15 7K X, K P IR E] S 2019 4F 1 A v ag 3] 9 A ey s 8 2
FERN D 289 mm , 3 FE/RAR B 5 CK (LIYIFK & 289 mm) (HW (F#/KEE+50%,433.5 mm) LW ( [#
K -50%,144.5 mm) FR,
1.3 HUREFNIGE J5 ik

2019 49 H ,7E R HiAE ) A A S FE BRI (R AR e 6—9 A )  TE RSB /K AL B IX E 4% 5 AN E B 7
(1 mx1 m) SRETH BB 524 RIT H A RFE A HEAE YRt 710 A K 0—10 em 122 + 35
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Fig.1 Study area location and test layout
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Fig.2 Leaf functional trait variation of dominant plants under different rainfall levels
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Table 1 Characteristics of soil C.N.P and soil water ¢

SW/% SOC/(g/kg) STN/ (g/kg) STP/(g/kg)

Kk K
Precipitation levels

0.30+0.01B
0.35+0.01A
0.28+0.02B

0.45+0.01A
0.43+0.01A
0.41+0.01B

6.51+0.11A

8.94+0.87B
4.14+0.73C

10.90+1.11A

CK

6.41+0.08AB
6.18+0.19B

R KRE F R FLRYFPA B 27 (P <0.01); CK: HAAMKE Control check; HW ; [&7K &1/l 50% High water addition treatment; LW ; [

LW
HW

Soil total

carbon; STN; + A

content; SOC; + A HLAR Soil organic

KR 50% Low water addition treatment ; SW . + 3 & 7K 3 Soil water

nitrogen; STP : T34 Soil total phosphorus
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5 CK M b% , HW FIl LW 4bBEF SMBC 43 525 T 8.26% il 111.95% , SMBN 435l 8. Z #2551 26.06% Al
101.97%, @563 1 KB, WOK A PR FEAK T R3S K $2 0 7 3840 & 2, JE 0 A 6 e 38 i 3 205
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Table 2 Effects of precipitation levels on soil microbial biomass carbon, nitrogen and soil microbe number

Rk 7K K- SMBC/ SMBN/ YN E X 10° B <107 TR B A < 10°
Precipitation levels (e/kg) (g/kg) Soil bacteria Soil fungus Soil actinomyete
CK 149.95+3.71 C 21.87+0.38 C 3.76£0.93 A 1.78+0.21 A 0.09+0.02 B
LW 317.8246.36 A 44.17£0.64 A 3.90+0.42 A 0.80+0.14 B 2.66+0.52 A
HW 162.33+3.80 B 27.57+0.51 B 3.35£0.84 A 0.43£0.09 C 2.27+0.63 A

SMBC: + 85 YA ¥R Soil microbial biomass carbon; SMBN: 3434 94 5 & Soil microbial biomass nitrogen

2.4 RFEF R DIREEIR S 1N R B

R K AR AR X AR 5 0 S I 3R 0 b 52 oy KORE S AR A 26 R 1 SR - B i e T RE MR L 362 4 1
o T YR Ts BE  E W i A 2 e, 8 R [ AR DG PR A3 B /R (38 3) , 18K (SW) 558k
VK LA 24 B F IEM L2 R (P<0.01) , 5 SLA LNC & LNP 24 B F AL R (P <0.01) , H3EA HLAR
(SOC) 55 VKR LA Fl LDMC 4351 5 .2 (P <0.05) Mt i3 (P <0.01) A kR, HIESA (STN) 5
LDMC 433545 3 (P <0.01) fifHsE &, T34 (STP) 5 LNC & LNP & & Mt i Z IEA KL R (P <
0.01) , 5 iy vk R B Dy RE MR T 3K o0 B0, T R B th S vkt e LA B{I%, TiAH . A9 SLA | LNC
o LNP 555, 58 it KR () 3k SERAAE 000 e 1 i o7 1 AR B i 7= AR AR 656 . 534, 5l UK LDMC 5
- AU Y OC FR AT DA AR ) AR ST IR A e T, BRI S UK R RRAR G A3 N R 4 R ) IR T A
SRS PKET B LNC & LNP & ok 3 . HIERUEYE Y ik (SMBC) (& (SMBN) 558 ikt i
SLA LNC J2 LNP &S0 B IF A R (P<0.01) |, 3k SEThREMIR REAURR Y B e + 38 rp A5 R0 55 0 WS AT
O, TRIA AR R AR S5 58t ko it B LNC 2 B3 B A G, BB 5 TP & & LDMC 2 3% 7R ¢

S5 KA, SW 5 AEEN S LA A1 LDMC 4% B3 (P <0.01) fliE 3 (P <0.05) IEFHX LR (P <
0.01),5 SLA .LNC J LNP 24 B3 A6 R (P <0.01) , FAEST SERENS 1 52 2 H SLA LNC K LNP #i&
N T FAERE KA SRR - e Re i 2 A T AR A T S &, 5348, STN  SMBC \SMBN 5 LNC /& LNP
B BEIEAHLEKER (P <0.01) , X EHORAA L LA LDMC SLA XJ 355 4 F 7 58 S8 16 WA 4 AE4H 55 LNC
LNP BEAR G A8 /s A ) 5 S VR B R . AR A0 AT s, 3 e W B0 5 e BT 28 i D MR 2 3 A

IR BRI i LA F LNC REAR 4 b i e 4 37K 4315 0, SW /&7, LA 8K LNC # =5, LDMC 5
SOC TN £ BE ALK ZR (P <0.01) ,LA  LNC 5 STP SMBC .SMBN & B EfAHE KR (P <0.01),LPC
5 R AR W EARDC (P <0.01) , SRR 35 5 A5G (P<0.05) , LDMC 5 FL £ 1o 3 71 AH
K(P<0.05) o AHICAMHTIE I 308 2l 5 B AN 13k 5 BLSAAL 7 o X 038 I I i, F 5 . % B0, 1 e 0
1 BLAS FR Z2AF A A 5% vy KRR REAR g Mol 0, 0 A | S8y KO s AR B 28 3 - e A Ak
PR R T8 5 BB T, 58 UK ORORI IR 1 B A - T AR 3K o ) RB v B R
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Table 3 Correlation coefficients among leaf functional traits of dominant plants and soil properties

¢ i VKL Agropyron mongolicum

T

gif‘i SW soc STN STP SMBC SMBN Gl SUIRE e b
Soil bacteria Soil fungus Soil actinomyete

LNC -0.82*" -0.04 -0.09 0.78* 0.98** 0.99 ** 0.20 -0.48 0.75*

LPC -0.87*" 0.08 0.17 0.88"*  0.98* 0.94** 0.42 -0.27 0.58

LA 0.92** -0.73*  -0.62  -0.69* -0.70*  -0.59 -0.11 -0.30 0.05

LDMC 0.62 -0.82**  -0.92** -0.55 -0.33 -0.16 -0.39 -0.71" 0.46

SLA -0.79** 0.09 -0.11 0.56 0.84** 0.87** -0.19 -0.41 0.54

SiH S AEEE S Stipa breviflora

Stems SW SOC STN STP SMBC SMBN ﬂﬂ%ﬁﬁ %%%%&i . }ﬁﬁ%ﬁi
Soil bacteria Soil fungus Soil actinomyete

LNC -0.89** 0.06 0.03 0.84"* 0.99 ** 0.99 ** 0.21 -0.35 0.67

LPC -0.88*" 0.04 0.02 0.85** 0.99 ** 0.99** 0.17 -0.33 0.66

LA 0.86**  -0.53 -0.64  -0.76*  -0.71*  -0.59 -0.28 -0.38 0.05

LDMC 0.80" -0.62 -0.73*  -0.79*  -0.63 -0.48 -0.37 -0.52 0.11

SLA -0.74" 0.21 0.26 0.53 0.68 0.65 0.04 -0.01 0.13

WiH ik BARF Lespedeza davurica

Stems SwW SOC STN STP SMBC SMBN QEH%%I% ,E‘EWE . ﬁi&%ﬁ%
Soil bacteria Soil fungus Soil actinomyete

LNC 0.85** -0.52 -0.63  -0.87**  -0.73" -0.60 -0.26 -0.38 -0.03

LPC 0.03 0.46 0.77*  0.04 -0.27 -0.42 0.19 0.86** -0.77"

LA 0.88 ** -0.38 -0.52  -0.82**  -0.80**  -0.70" -0.31 -0.23 -0.13

LDMC 0.62 -0.82"*  -0.92** -0.55 -0.33 -0.16 -0.39 -0.71* 0.46

SLA 0.22 -0.67* -0.40  -0.15 -0.01 0.08 0.07 -0.36 0.28

w il ox FORBIEAHIC(P<0.05) M B EHIE(P<0.01),; LNC. "% & & Leaf nitrogen content; LPC. %% &t Leaf phosphorus content;
LA .- T Leaf area; LDMC . T8 % & Leaf dry matter content; SLA ; LI Specific leaf area

3.1 FEKEXITEERE R AR EAE Y B D Re R A R i

MY REMEIRAE A AR I AR S R G AR A W AR R ME 0 38 /8 Ml A ok S S B 58 A0 Y g
T3 W R A R D RE IR 2 MK G R S B X R AR ] 22 55 R B A T R T RE MR S
IKAHITE SR RIEMIEER P22 AR5 #K 50% )5 3 AMESHHY LA LDMC &35k, ik 50%
JERAEEN S AIE S BUAALF LA \LDMC S50/ )N, W5 vKEL LA S AN I 25 3G K X AR5 55 Fak £ 5L
BAS T SLA S22 /K 35 45 5 52 1 VK BT SLA I /K A 31 5 35 45 w5 T 53 vk B 84T F LNC
LPC, L8 Dy e AR X B 7K fa AR A 2R B A0 o 8] 25 5% F T3 10 R I IX /K A3 B AR PR, B K2 il 2 A 40 A
K E B AR A, 50 UK EEAEAS [F] A9 A 5% o 1 8 07 B 5, FCAR A A X6 PR 1) S5 1o B R BURR  TE T R AR
T, AT A A ROR A BIR 7K 43 5% 5 5 i e gk fe T SR SR R S
3.2 BEKE X R K R R YR B 5 )

R K o e BRI IR , T RE MU 5K A R WY 4 C N P R B E A T
B, AR oKl i R T N AR R R A X N AR IR, N A
FEKE R IEASC, K 2S5 A1 N ZkE, S8 EN SR, HBapE R0, MY M+ C
P i SRk R = — AR S, LS K 2 ik AR R e e L B AT el K A B G R AR T
IS KR HXT 3 C N S A B3 KA B B TR T 13 C N &, X 3 P AN B 3% 1
WK IS S D T LRI TR PR N A i i R RN, R B TN K G T L4
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IKATBR R T 4 C N ik AT e DT R TR A K A R T R R ¢ TN R
2 T T 5 (UK 50% ) I3 MR IAELE C RN S54r, 13 C N 0 (LR T R, L3RR Y
HRRT L i C N AR R i v S R K 3 YIAE 5% , U B R RE A B R T 2 ) - R o okt
G U T R 2 B AR, AR 49855 43 R R T AR P WOSOR T RR B R B SR, 3 /=1 B RN 1 & 3 B 47
RIS A I A7 SHAS R T ol A A i LR 5 b I et A g e PR 19 5 i [ e 22 A AR
TR AR, T LR T BN R B X A A A
3.3 SRBE RPN B DR R R A A e
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