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Effects of nitrogen, phosphorus and silicon addition on leaf carbon, nitrogen,
and phosphorus concentration of Elymus nutans of alpine meadow on Qinghai-

Tibetan Plateau, China

BIN Zhenjun, ZHANG Renyi, ZHANG Wenpeng, XU Danghui *
State Key Laboratory of Grassland Agro-ecosystems ,School of Life Science, Lanzhou University , Lanzhou 730000, China

Abstract; Elymus nutans, widely distributed in natural and cultivated pastures with favorable forage yield, good quality and
adaptability to local environment, plays an important role in animal husbandry and environmental sustainability on Qinghai-
Tibetan Plateau, China. Silicon (Si) is not considered as an essential element for higher plants and thus is believed to have
no effect on primary metabolism in unstressed plants. But previous studies have shown that silicon can promote nutrient root
absorption and enhance plant productivity in various plant species such as rice, alfalfa and celery. In greenhouse study,
silicon nutrition improves root absorption of nitrogen and phosphorus; however, no attempt has been made to study the
absorption of nitrogen and phosphorus in root and the content of nitrogen and phosphorus in leaf when silicon, nitrogen and
phosphorus were added at different concentration in field. A study was conducted with Elymus nutans to address the
physiological effect caused by the addition of these elements. Sixteen treatments consisted of: three rates of nitrogen
addition; 7, 14, 21 g/m’; three rates of phosphorus addition; 4.92, 9.84, 14.76 g/m’; three rates of available silicon
addition: 0.718, 1.436, 2.154 g/m’; three rates of nitrogen and one rate of silicon addition: nitrogen 7, 14, 21 g¢/m’ and
silicon 1.436 g/m’; three rates of phosphorus and one rate of silicon addition: phosphorus 4.92, 9.84, 14.76 g/m’ and

silicon 1.436 g/m*; and one control ; neither nitrogen and phosphorus nor silicon addition. Each treatment was replicated six
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times. Results showed that in soil, nitrogen addition alone enhanced contents of NH;-N (P<0.001) and NO;-N (P<
0.001). Silicon addition alone or addition with phosphorus did not affect NH,-N content. Phosphorus addition alone
enhanced total and available phosphorus contents. Low concentration silicon addition alone did not affected NO;-N (P>0.5)
content, or total and available phosphorus content ( P>0.5). High concentration silicon addition alone, silicon addition with
nitrogen or phosphorus together increased NO;-N content ( P<0.001), or total and available phosphorus content ( P<
0.001). In leaf of E. nutans, nitrogen and phosphorus addition alone enhanced total nitrogen and phosphorus content. Low
concentration silicon addition alone did not affect total nitrogen and phosphorus content. High and moderate concentration
silicon addition alone, silicon addition with nitrogen or phosphorus together can increase leaf of total nitrogen and
phosphorus content. There were significant linear positive relationships between total nitrogen content in leaf of E. nutans
and soil NH;-N (R*=0.96, P<0.001) and NO;-N content (R*=0.91, P<0.001) and also between leaf total phosphorus
and soil total phosphorus (R*=0.88, P<0.001) and soil available phosphorus content ( R*=0.96, P<0.001). In the field
experiment, silicon can promote the uptake of nitrogen and phosphorus by E. nutans. These results suggested that silicon
application is useful to increase leaf nitrogen and phosphorus content of E. nutans through the enhancement of NO;-N, total
and available phosphorus content in soil. We identify Si nutrition as an important target in attempts to improve the uptake of

nitrogen and phosphorus by E. nutans.

Key Words: silicon; Elymus nutans; alpine meadow; leaf nitrogen ( N) and phosphorus ( P) content; Qinghai-

Tibetan Plateau
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Table 1 Soil nutrient status before N, P, and Si addition

T2 HHLB o £
Soil layer/cm Organic matter/ ( g/kg) Total nitrogen/ ( g/kg) Total phosphorus/ ( g/kg) pH
0—15 70.5 3.72 0.984 6.33
15—30 36.3 1.95 0.712 6.44
30—45 24.0 1.23 0.618 6.63
*2 @BMERMKERMGNE
Table 2 Addition level and amount of N, P, and Si
BRI T/ (g/m?) BUBRREIEL (g/m?)
Qb3 N, P, and Si addition level N, P, and Si addition amount
Treatments e TR RER N P s
Ammonium nitrate  Calcium superphosphate Silicici acid Nitrogen Phosphorus Silicon
CK 0 0 0 0 0 0
N1 20 0 0 7 0 0
N2 40 0 0 14 0 0
N3 60 0 0 21 0 0
P1 0 40 0 0 4.92 0
P2 0 80 0 0 9.84 0
P3 0 120 0 0 14.76 0
Sil 0 0 2 0 0 0.718
Si2 0 0 4 0 0 1.436
Si3 0 0 6 0 0 2.154
N1Si2 20 0 4 7 0 1.436
N2Si2 40 0 4 14 0 1.436
N3Si2 60 0 4 21 0 1.436
P1Si2 0 40 4 4.92 1.436
P2Si2 0 80 4 9.84 1.436
P3Si2 0 120 4 14.76 1.436

1.3 MEFR bR AT

8 A1, BAFEIT NS em FLARM HAREEI 3 DAL B 0—15 em A9 458 2 ARG 0] 5256 % 47 R
T (TCHLEUFNES O I ) 3 0.149 mm Gl FRichrede , RASTAFE Ty o8 T Fhl ol 5 iy it ke 4%
70 CHETEIETE, A HLTAM 55 SR K, Cr, 0, 2 - A | 28R vk H,80, 14 &-F B 3h
L ECE AT B A AR KCL R - 2810 i ZUR RN CaSO, 12 421 R iR L (7, 28R A NaOH
FARL-ERBAPT L 3 HUSOBE R NaHCO 12 3-SR EAPT L a3
1.4 St

K H Microsoft Excel 2007 B3 ATHAEHE . XA FABERER I T AP 28 BEAAMMER 2
BRI RO A WL 2 20 & b T B R 2 5 22091 (One-way ANOVA) , P {H % 4 0.05, H LSD
A N a RS R 00 0 O3S v i o 1= = o e w57 70N AW L 1 BN W 1 ) o e w3
B Z R, UL ERTA 22 HAE SPSS17.0 84 h 347, SR Origin 10.0 1EE .
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2.1 ABEEEE I EHEA PR N P & & A5

2 3 0N, EBERE S I A HLBTRT 4 0 W 52 s N OFD NSi U hn g 5 1 R e S A A i,
HNSi S 3 A R0 & 0 25 = T AR RIS N A BB ER i (P<0.001) P A8, Si BRI PSi & inxs +
B AN S EBOA WA R, N F NS A T AR A, T NS A - R A A
TR EETHRERET N BEIREIN(P<0.0012) ; RHEEE B Si @A 2 S A0 &, bR e
B Si AN RN T AR A AN SR I T 4.54% F1 6.8% ; P AN HIER S A A E AR T
PSS T A AR & i, PSE SRR B IR R BERE TS I 2 ) - A AR A S AR AR

N 1 NSi T 384w & w5 AN B35 (3% 3) P ORI PSE AR 140 1 3k 5 i PSi W hin T i
Jney e ukE m T FEVER T P OFLSi gy B as i ARV R Y Si S R RIS B A, N R
T JINRT - S S A%l JC W 2 S ARV BEE 1) Si BRSSP Akl i TG 2 s e R vk B
B Si BRI S 2 G T AL Y i, P R AR A PSi [RIE SN B S R T - e A Y A,
SEHE R WY S R BEE SN P YR FE A TR 1 T N R Si R AR 0 S 0 T 9 AR 1 S T NS Y 3
Rk BE AN Si2 A3 A] - HEHE Y S S RN

#3 EBEFNETHEIR. S FNR(ESANNAR)  EESHIEAHEBOEL (MeanSE, n=6)

Table 3 Changes in the content of soil organic matter, total nitrogen, inorganic nitrogen (NH}-N and NO3-N) , total phosphorus and available

phosphorus with N, P, and Si addition

THEA Soil nitrogen 3B Soil phosphorus

ANl 4k 2

Different LR/ (Ke) )0 A (mgke) SR (kg SO (k)RR (me k)
treatment U1 CTEAMC mALEr Ll mitrogen NHZ-N NO;-N Soil total Soil available
phosphorus phosphorus
CK 69.45 + 1.3903a 3.712 £ 0.372a 8.635 + 0.383a 13.23 £ 0.126a 0.934 + 0.025a 19.20 + 1.208a
N1 70.77 £ 1.5891a 3.677 £ 0.162a 15.60 + 0.160b 21.62 +£0.132d 0.918 £ 0.033a 18.30 £ 1.230a
N2 71.08 £ 1.9181a 3.724 £ 0. 230a 21.81 £ 0.296d 29.90 + 0.295f 0.871 £ 0.019a 20.16 + 1.233a
N3 73.52 £ 1.3780a 3.713 £ 0. 241a 29.75 + 0.457f 45.90 = 0.104h 0.912 £ 0.024a 20.46 + 1.176a
P1 72.54 £ 1.6120a 3.681 + 0.265a 8.677 + 0.543a 13.02 £ 0.772a 1.104 + 0.017¢ 50.99 + 1.232d
P2 71.68 £ 2.0264a 3.702 £ 0. 262a 8.635 + 0.590a 12.83 £ 0.893a 1.217 + 0.003d 99.50 + 1.264f
P3 72.12 £ 2.0321a 3.697 + 0.323a 8.526 + 0.389a 12.20 + 1.089a 1.375 + 0.014e 124.2 + 1.240h
Sil 68.94 + 2.8473a 3.701 £ 0.049a 8.548 + 0.672a 13.53 + 0.740ab 0.999 + 0.019ab 20.33 £ 1.233a
Si2 70.48 £ 3.1174a 3.717 £ 0.046a 8.640 + 0.741a 13.87 + 1.092be 1.002 £ 0.015ab 23.23 + 1.203b
Si3 71.83 £ 2.7690a 3.684 £ 0.216a 8.708 = 0.700a 15.14 £ 1.322¢ 1.120 + 0.013b 25.17 £ 1.203¢
N1Si2 70.99 + 2.2446a 3.704 £ 0. 333a 17.27 £ 0.569¢ 26.30 = 1.108e 0.969 + 0.062ab 22.30 + 1.375b
N2Si2 71.68 £ 2.0481a 3.691 £0.114a 25.54 £ 0.734e 38.70 £ 1.298¢ 0.981 + 0.055ab 23.57 + 1.270b
N3Si2 69.00 + 3.6453a 3.726 £ 0.212a 35.09 £ 0.621¢g 56.89 + 1.345i 0.992 + 0.021ab 22.07 £ 1.233b
P1Si2 70.67 £ 3.1916a 3.679 £ 0.250a 8.583 + 0.876a 13.92 + 1.191bc 1.237 + 0.069d 58.03 £ 4.352e
P2Si2 73.84 £ 2.8529a 3.718 £ 0.144a 8.651 + 0.905a 14.11 = 1.187bc 1.331 £ 0.065¢ 117.8 = 7.240g
P3Si2 71.63 £ 2.6781a 3.693 £ 0.149a 8.719 £ 0.431a 13.76 + 1.208bc 1.447 + 0.007f 156.0 + 6.2911

[FIFIAIRNG FREFRIRAE 0.05 K F 225 B3

22 ABERETSIXHEYIM B C NP SRR

TS EBAICE I N P HSi B IA & BT E NSi Fl PSi B9ashn A - C R LR EN2ES (B 1), N
IO BN T AR A A4 N (A (P<0.003) | 1T ELBEE IR R WS i TH = Fh s, A4 N &
N1 ARFEY 21.24 ¢/kg BEIME] N3 19 30.99 g/ke; lMKAE Si(Sil AL FSMXFAEYIM 74 N SRR ER
S T R B Si(Si2 Al Si3 ARH) TN e E R T AR R4 N SR (P<0.008) , A N T 5. 95%
F110.99% ; NSi #8522 30 7 AP R E - B4 N A& &, HoBgn i 38 = TRl p N SR Si s
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Fig.1 Effects of nitrogen, phosphorus and silicon addition on C, N and P in leaf of Elymus nutans
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