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Effects of water and nitrogen fertilizer coupling on biomass
yield and quality of switchgrass
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CHEN Guo, WANG Quan-zhen

(College of Animal Science and Technology , Northwest A& F University ,Yangling , Shaanxi 712100, China)

Abstract: [Objective] The experiment studied effects of water and nitrogen fertilizer coupling on bio-
mass yields and quality of switchgrass and explore the regulation mechanism of water and nitrogen fertilizer
treatments,so as to establish proper management system for switchgrass production. [Method]) The experi-
ment were designed to incorporate nitrogen and soil water content at five levels using general rotary or-
thogonal combination design matrix. Yield and quality indexes including contents of cellulose, hemicellu-
lose,and lignin and soluble sugar were measured. Then regression models between switchgrass yield and
the two factors and variance analysis were conducted to test the effects of water and nitrogen fertilizer cou-
pling on switchgrass. [Result)] Effects of water and fertilizer interaction on switchgrass yield and quality

were observed. The interaction of water and nitrogen fertilizer has significant synergistic effect on switch-
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grass yield(P<C0. 05). When soil water content increased from 8% to 32% ,the amount of nitrogen applied
leading to the maximum yield increased from 1. 174 g/pot to 2. 764 g/pot. When the soil water content in-
creased to 20% and nitrogen application raised to 1. 152 g/pot,the yield stabilized. The contents of cellu-
lose and lignin decreased with the increase of soil moisture content. With the increase of nitrogen, the lignin
content declined with the lowest content of 36. 957 mg/g when nitrogen content was 2. 232 g/pot, which
was 2/3 of the lignin content when nitrogen content was 0. 072 g/pot. Hemicellulose content was not sig-
nificantly changed under different treatments (P>>0. 05) while contents of cellulose,lignin and soluble sug-
ar were significantly affected by nitrogen and soil water content (P<C0. 05). However, the interaction of ni-
trogen and soil water only affected the lignin content significantly (P<C0. 05). [Conclusion) Water and ni-
trogen had significant synergistic effects on switchgrass yield. Increase of nitrogen and soil water content

decreased the content of lignin. Thus,increasing nitrogen fertilizer and soil water content was beneficial to

the production of switchgrass for energy purpose.
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Table 1 1L,,(2)° orthogonal experiment design

for investigation on effects of soil water content and nitrogen

fertilizer coupling on yield and quality of switchgrass

[l & Factor
i/ (g FD +HEE KR/ %

Nitrogen fertilizer Soil water content

BT

Design Level

X X,

3 2.232 32

1 1.512 24

0 1.152 20

—1 0.792 16

—3 0.072 8

AR AL ] B Distance 0. 360 4
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Table 2 Effects of soil water content or nitrogen fertilizer on switchgrass yield

M/ (g - #5D (i VACRIE ) R S S v D IVACRIE A

Nitrogen fertilizer Yield Soil water content Yield
0.072 12.44242.63 a 8 6.11740.51 a
0.792 20.54245.38 ab 16 19.98342.25 b
1.152 28.7584+2.11 b 20 28.758+2.11 ¢
1.512 27.417+7.75 b 24 29.900+5.09 ¢
2.232 26.908+2.50 b 32 31.308+6.64 ¢

T < 3% PR B B0 5 AR R [ B 3 22 5 W 25 (P<0. 05) W W A [R) F BE 38R 22 R | 3 (P>>0. 05), TR,

Note: Different lowercase letters in each column mean significant difference (P<C0. 05), while same lowercase letters mean insignificant

difference (P>>0. 05). The same below.
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T K A EA O AR ) 7 R 3 I 3 R R
(P<<0.05),
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Table 3 Variance analysis on effects of soil water content and nitrogen fertilizer on switchgrass yield
% Il 2475 227 Jr il df ¥y 2% F{H /fﬁﬁ“w%‘—
Factors Type [l sum of squares Mean square F value Sig.

it & i X, Nitrogen fertilizer 3 284. 087 3 1 094. 696 24. 479 0. 000
+ 4 K X, Soil water content 6 149. 377 3 2 049.792 45. 837 0. 000
ZHAEM X1 + X, Interaction effect 2 120. 840 9 235. 649 5.270 0. 000
k% Error 1922.921 43 44,719

Bl Total 52 452. 166 60
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Fig. 1 Effects of soil water content and nitrogen fertilizer coupling on switchgrass yield
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Table 4  Effects of nitrogen fertilizer on switchgrass quality
it 2k / U R T/ PAgERE R/ ARFTR it/ AL A
(g @D (mge+g ) (mg+g b (mgeg b (mgeg b
Nitrogen fertilizer Cellulose content Hemicellulose content Lignin content Soluble sugar content

0.072 244.733+£1.07 a 278.032+1.44 a 54,712+0.18 a 3.25040.47 a
0.792 264.152+1.06 b 272.137+0.71 a 41.053+0.28 b 4.02340.56 b
1. 152 252.749+0. 34 ab 299.848+2.00 a 41.771+0.28 b 4.42640.17 be
1.512 254.62140.55 ab 275.708+0.49 a 39.901+0.43 b 4,43840. 44 be
2.232 264.321+0.30 b 302.706+1.88 a 36.957+0.40 b 4.89940.42 ¢

2.3.2 2B ALEREAHBBERFHT A HES
A DL WA B2 A 4 25 5 i ROR T 2 ok B
TR 5 E T M RS KR 8%
Ik e K. B3 m T & KE 32X (P<
0. 05) ;- £F 4 3 % &t 76 A [R) 7K 43 b B ) 22 57 OR @
E A S KR Ry 8 Y0 I CRIAF AE ™ 5 A K 4
) HAB By 310, 499 mg/ g5 AT PEAR & & BLIK
BN R B LS KRR 32 0 i ik B /ME

2.3.3 REREAESFHER R KOG Hn  hE
6 ATHL ARG EM S A E, LIESKE
N 25 1) 28 HAE AR A R R 34 K T 0. 05, Ui ] H:
XMEBEEARER S B TR ENE W (P>
0. 05) s it 280t Fl 4 HE & oK f X &R 4 R R BT &R ]
VR O R A AR /N T 0. 05, R BT Y EE
3 S IR R A3 3 A BT dE AR (P<<0. 05) ., fH
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Table 5 Effects of soil water content on switchgrass quality
+HEE KR/ % YR Frat/ PR TR/ RIRER G/ A/
Soil water (mg+g b (mg+g H (mgeg 1) (mgeg b
content Cellulose content Hemicellulose content Lignin content Soluble sugar content
8 274.687+0.41 a 310.499+1.72 a 49.651+0.28 a 5.488+0.31 a
16 255.2514£0.89 b 263.491£0.79 a 45.354+0. 39 ab 3.720£0.51 ¢
20 252.745+0.34 b 299.851+1.99 a 41.767+0. 28 ab 4.42640.17 b
24 250.75440.69 b 274.287+0.80 a 42.331+0.47 ab 3.92640. 33 be
32 247.13240.76 b 280.313£0.17 a 35.303+0.52 b 3.476+0.31 ¢
*6 KEFREBEMEBRAREMNFTED N
Table 6 Variance analysis on effects of soil water content and nitrogen fertilizer on switchgrass quality
1] X ¥ S "
% B 2 nas )5 22 F fi e
Factors Dependent variable yp ) Mean square F value Sig.
of squares
27 4k % & &t Cellulose content 30. 410 3 10. 137 3.568 0.022
ﬁﬂi]/ﬁi X e 2T 4 & F it Hemicellulose content 39.570 3 13.190 0. 355 0.786
itrogen .
fertilizer K i & & & Lignin content 18. 812 3 6.271 3. 867 0.016
TS & & Soluble sugar content 24.067 3 8.022 22.772 0. 000
21 4k % & it Cellulose content 19.214 3 6.405 2.254 0.046
i“ifﬁ*fﬁ X2 Seofd% & Hemicellulose content 172, 908 3 57. 636 1. 550 0.215
o1l water
content A5 % & & Lignin content 17. 864 3 5.955 3.672 0.019
TS & & Soluble sugar content 31.857 3 10. 619 30. 142 0. 000
S H A 2T§’ﬁ3?/a\i Cellulose content 48. 442 9 5.382 1. 895 0.079
X, - X, 27 4k R 5 it Hemicellulose content 350.792 9 38.977 1.048 0.419
Interaction A % & & Lignin content 12.576 9 1.397 2.582 0.018
effect TS & i Soluble sugar content 4.531 9 0.503 1.429 0. 206
21 4k & & &t Cellulose content 122. 160 43 2.841
iR 27 4k K 5 i Hemicellulose content 1598.513 43 37.175
Error A JF & & Lignin content 23.274 43 0. 541
TP & i Soluble sugar content 1.694 43 0.039

3 i e
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ANEFEE R W, L& KE o 8Vt w2 32
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A8
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2
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