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Effect of water and nitrogen interaction on plant species

diversity and biomass in a desert grassland

Gao Hai-yan', Hong Mei'"*, Huo Li-xia', Liu Peng-fei', Chang Fei
(1.College of Grasslands,Resources and Environment, Agricultural University. Hohhot 010011, Inner Mongolia, China;

2.Inner Mongolia Key Laboratory of Soil Quality and Nutrient Resoures, Huhhot 010011, Inner Mongolia, China)

Abstract: To demonstrate the effects of atmospheric nitrogen deposition and precipitation on species diversity
and biomass in desert grassland, we examined water and nitrogen interactions, using three levels of water
treatment [natural precipitation (CK), increased precipitation 30% (W) and reduced precipitation 30% (R)]
and four nitrogen (NH,NO;) levels: 0 (Ny), 30 (N;,), 50 (Nj,), and 100 (Nypo) kg ¢ (hm? » a) ' (which
does not include atmospheric nitrogen deposition). The following results were obtained: 1) The species diversi-
ty of desert grassland under CK X N and R X N treatments increased with an increase in nitrogen application
rate, showing an initial increase trend and a subsequent decrease, with maximum diversity being attained with
the Ny, treatment. Under the WX N treatment, the species diversity was significantly reduced (P <C0.05) with

an increase of nitrogen application rate. 2) The aboveground biomass obtained with CKX N, and RX N, treat-
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ments was significantly increased (P <C0.05) compared with the WX N, treatment. Under the water and nitro-
gen interaction, the aboveground biomass of CK X N and W X N treatments was significantly increased (P <<
0.05) with an increase in nitrogen application rate. The water and nitrogen interaction had a significant effect on
annual and biennial plants. The overall aboveground biomass trend was as follows; (WXN) > (CKXN) >
(RXN). 3) Under the water and nitrogen interactions, the underground biomass decreased gradually with the
depth of soil, and was mainly concentrated in the 0—30 cm. The W XN treatment promoted root extension into
deeper soil. The biomass of desert grassland under CK X N and R X N treatments showed an initial increase
trend and then a subsequent decrease with an increase of nitrogen application rate, and the underground bio-
mass obtained with the WX N treatment showed a significant increase (P<C0.05). 4) The treatments of CKX
N3, and RX N3, significantly reduced the root/shoot ratio (P <C0.05). Collectively, the results of this study
showed that the plant species diversity and biomass in desert grassland are closely related to water and nutri-
ents.

Key words: nitrogen deposition; increased of reduced precipitation; species diversity; aboveground biomass;
underground biomass
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Table 1 The species diversity of desert grassland communities under water and nitrogen interaction
Wi { fb 3 Jiti & 7K SF N application level/[g « (hm?® » a) ']
Item Treatment 0(Ny) 30(Ny) 50(Nsy) 100(Nigo)
. CK 8.17+0.31Ab 9.17+0.31Aa 8.67+0.42Aa 8.50+0.43Aa
Yo b = w1
W 9.334+0.33Aa 8.331+0.21Ba 8.1740.40Ba 8.001+0.37Ba
Species richness
R 7.0040.37Bc 7.1740.31ABa 8.1740.31Aa 7.5040.34ABa
ZREPETE L CK 1.73+0.02Bb 1.84+0.02Aa 1.7940.02ABa 1.7740.05ABa
Shannon-Wiener w 1.924+0.03Aa 1.82+0.03Bab 1.76 £0.03Ba 1.72+0.04Ba
Index R 1.69+0.03Bb 1.74+0.03ABb 1.8440.04Aa 1.76 £0.04 ABa
" CK 0.81+0.01Aa 0.854+0.01Aa 0.83+0.02Aa 0.814+0.01Aa
W) R R
W 0.864+0.03Aa 0.844+0.01Aa 0.824+0.01Aa 0.814+0.02Aa
Pielou index
R 0.7940.02Ba 0.834+0.02ABa 0.85+0.01Aa 0.8040.01Ba

CK. HAAFEM s W3 1T 3020 5 RLIBIRE 3026 5 No » Nao » Nso B Naoo 733 F R il ZUL K25 0.30.50 A1 100 g » (hm? » &) ', ARG F 1R AR A —
K34 BT AN R SR KT ) 28 5 3 (P <20.05) 5 A R)/NE F 8RR Al — B R KT T AR K 734k B 25 53 @35 (P<<0.05) . £ 3.3 4. & 2. K 3.8 4
Al

CK. natural precipitation; W, increase precipitation 30% ; R, reduce precipitation 30% ; Ng, N3o» Nso and Ny indicate application level of 0, 30,
50 and 100 g » (hm? « a) !, respectively. Different capital letters for the same water treatment indicate significant difference among different nitrogen

levels at the 0.05 level; Different lowercase letters for the same nitrogen treatment indicate significant difference among different water treatments at

the 0.05 level; similarly for Table 3, Table 4, Fig. 2, Fig. 3, and Fig. 4.

F2 KEBEWNREEEREZYMHSHEEZWHFTESH(P)ER
Table 2 Variance analysis (P) of the effects of water and nitrogen interaction on species

diversity of desert grassland communities

LR R

Shannon-Wiener Index

W e AR R

Pielou index

Vb F s

Species richness

Varintion source

R E AL Nutrient treatment 0.695 6 0.307 2 0.058 8
KA AE PR Water treatment <0.000 1 0.170 7 0.681 5
7K & A2 H. Nutrient X Water 0.010 6 0.000 2 0.104 7
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g : :
=) o ' '
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Fig. 2 The aboveground biomass of desert grassland communities under water and nitrogen interaction
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T CK.W.R J& & % 2 5 (P >0.05) 5 Ny, Al Ny, /K F
T W AbFEE R AL FEA 33 0 (P <C0.05) 5 Ny /K
T W CK Al R A i 334 in (P <<0.05) .

2.3.2  JKAAL FXE HE B AT R ) B Y5 R R L )2 A b
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Table 3 The aboveground biomass of desert grassland communities under water and nitrogen treatment
— Y EAC L R HL HHEAR NEFHEAR

fb 31 Annual and biennial plants Perennial weed Perennial grass Semi-shrub and undershrub
Treatment T4 S P fif 4L He P fif S P fif 4L He
Mean Ratio/ % Mean Ratio/ % Mean Ratio/ % Mean Ratio/ %

No 51.1745.63Chb 10 166.4146.90Ab 32 216.18£9.02Cb 42 79.9246.32Ab 16

I\ 99.0049.36Bab 16 143.45+7.19ABb 24 297.49+10.72Ba 49 64.83+7.25Ab 11

K Nso  154.4048.07Ab 22 134.89+10.06Bb 19 346.60£8.99Aa 50 60.77+8.62Ab 9

N 179.334+12.15Ab 24 130.8347.94Bb 18 361.33+£12.03Aa 49 58.5746.50Ab 8

No 76.99+8.91Ca 32 221.45+11.42Ca 11 264.44+10.18Aa 38 131.564+10.29Aa 19

N;  143.2749.97Ba 17 319.93+11.88Ba 39 235.58+11.60Ab 29 121.714+14.94Aa 15

w Nso  207.3349.17Aa 24 352.33+12.88Ba 40 216.98+7.18ABb 25 102.33+£8.92Aa 12

Ny 228.87+11.64Aa 25 390.17+11.76 Aa 42 206.95+11.08Bc 23 93.69413.90Aa 10

No 46.17+9.13Bb 10 151.87+11.79Ab 33 202.57£9.67Cb 44 60.1747.85Ab 13

Nao 78.00+11.43Ab 15 143.53+12.02Ab 28 243.59+12.90Bb 47 47.73+7.93Ab 9

R N;o  100.81+11.20Ac 18 134.174£12.04Ab 24 278.17£12.15Aab 50 43.47+5.37Ab 8

Niw 120.4147.26Ac 21 127.50+11.11Ab 22 296.67+£15.68Ab 51 38.114+7.59Ab 7
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Fig. 3 The underground biomass of desert grassland communities under water and nitrogen treatment

x4 KEBETREEFEVHEIRLEMTEYE
Table 4 The belowground biomass of different soil layers of desert grassland under water and nitrogen interaction
gem’
Ak # +)Z Soil layer/cm
Treatment 0—10 10—20 20—30 30—40 40—50

No 667.33136.61 366.604-98.80 222.734+112.36  115.27495.91 29.03+£24.51
. Nso 745.77493.62 442.00490.98 282.53492.75 154.70£65.68 73.67+£48.64
CK Nso 761.804122.05 456.30+102.74  351.87+86.38 188.93472.00 139.974+102.28
Nioo 576.334108.76 338.004115.02  229.674102.52  100.53435.45 43.77+£21.78
N, 691.17+124.23 460.63474.09 236.60474.32 119.17456.33 74.10£17.75
- N;o 756.60187.64 464.10469.43 354.03£79.82 256.53103.27 95.77+25.13
Nso 769.174-80.45 486.204-39.86 366.17479.44 266.93465.90 145.17+£60.28
Nioo 780.00485.27 490.534-54.96 380.47469.48 305.50+83.25 111.37+54.21
N, 608.83+73.54 356.204-91.01 204.53+56.14 96.6360.48 28.60+18.85
Nio 638.30+39.54 396.93467.98 274.73456.13 138.67£74.23 67.17£30.10
R Nso 643.5071.29 433.77470.46 332.37458.90 153.40£66.21 90.13£36.01
Nioo 492.27493.36 275.60453.92 157.73+£31.33 74.53+£37.02 15.17+8.44
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Fig. 4 The root to shoot ratio of plants in desert grassland under water and nitrogen interaction
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