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Effects of water and nitrogen fertilizer on biomass distribution and water use
efficiency of alfalfa (Medicago sativa) in Hexi Corridor
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Abstract Alfalfa (Medicago sativa) has high nutritional quality and biomass production and is widely used as pasture in
animal production and soil erosion control. There are many factors influencing the production of alfalfa, including fertilizer
and water use. The applications of both nitrogen and irrigation have been the critical factors for improving water use efficiency
without considerable yield reduction in alfalfa. Thus the determination of a reasonable application of nitrogen and irrigation is
important for the optimization of biomass distribution characteristics and improvement of water use efficiency in alfalfa fields
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in Hexi Corridor. To that end, a field study was conducted in 2014 in Jiuquan City (in the Hexi Corridor of Gansu Province,
China) to research the effects of different irrigation amounts (W;: 60% of the conventional irrigation amount; W,: 80% of the
conventional irrigation amount; W3: the conventional irrigation amount, 1 920 m*-hm™) and nitrogen application rates [Ny:
0 kg(N)-hm’z; N,: 40 kg(N)-hm’z; Ns: 80 kg(N)-hm’z; Ny: 120 kg(N)'hm’z] on biomass distribution characteristics and water
use efficiency of 2-year alfalfa plantations. The study investigated the effects of nitrogen application, irrigation and the related
interaction on alfalfa plant height, branch number per plant, leaf-stem ratio, root volume, root biomass, aboveground-
belowground biomass ratio and water use efficiency. The results suggested that W, and W; treatments significantly increased
plant height, branch number per plant and aboveground biomass. It also increased root biomass, root volume in 20—40 cm,
40-60 cm and 0—60 cm soil layer and water use efficiency. Moreover, plant height, branch number per plant and aboveground
biomass were not obviously different between W, and W; treatments. This suggested that 80% of the conventional irrigation
scheme not only maintained normal biomass production in alfalfa plants, but also improved water use efficiency. Branch
number per plant, leaf-stem ratio, root volume, root biomass, aboveground-belowground biomass ratio and water use
efficiency initially increased and then decreased with increasing nitrogen application. These parameters peaked under the
treatment of 80 kg(N)-hm ™ nitrogen, which suggested that nitrogen application significantly influenced root development and
water use efficiency of alfalfa plants. Besides this, W,N, or W,Nj; treatments had the potential to optimize plant height, branch
number per plant, root volume and belowground biomass in the 0-20 cm, 20-40 cm and 0-60 cm soil layers. The ratio of
aboveground to belowground biomass and water use efficiency was also optimized under W,N, or W,Nj; treatments. It was
concluded that 80% of the conventional irrigation amount and 80 kg(N)-hm™ of nitrogen application were the optimal
treatment for alfalfa pasture in Hexi Corridor.

Keywords Water-nitrogen interaction; Hexi Corridor; Alfalfa; Yield components; Water use efficiency
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Table 1 Effect of water-nitrogen interaction on aboveground biomass and botanical features of alfalfa

Treatment Pant height (cm) Branch number per plant Aboveground biomass (kg-hm™?) Leaf-stem ratio (%)

Irrigation amount

w1 94.7b 6.3b 5365.4c 1.5
w2 102.6a 8.2a 6442.2a 1.5
w3 100.4a 7.3ab 5968.2b 1.5

Sig. ok Hok ok ns

Nitrogen application rate

N; 98.0 6.2b 6148.9 1.1b
N» 99.6 7.8a 6 032.6 1.1b
N3 100.7 8.0a 5703.5 1.4a
Ny 98.7 6.9ab 5816.6 1.1b

Sig. ns * ns Hk

X Irrigation amount x nitrogen application rate

W, N, 89.2+2.8d 5.0+0.6¢cd 5 605.5+176.7 1.4
N» 91.0+1.3cd 8.0+1.0abc 5390.0+£36.0 1.4

N3 96.4+3.5bed 7.3+1.5bced 5280.0£91.8 1.5

Ny 102.3+2.0ab 4.7+0.3d 5 184.7£73.5 1.5

W, N, 101.2+2.1ab 7.3+0.7bcd 6 685.2+18.1 1.3
N, 109.1£1.8a 7.3+1.2bcd 6 634.2+52.1 1.4

N; 103.7+2.4ab 10.7+1.6a 6 184.7+306.7 2.0

Ny 96.5+1.5bcd 7.3+£0.7bcd 6 264.7+288.6 1.1

W; Ny 103.6+3.0ab 6.3+£0.3bcd 6 155.2+52.2 1.4
N, 98.6+1.7bc 8.0+0.6abc 6 072.7+£54.9 1.5

N; 101.9+3.3ab 6.0+1.0bcd 5644.2+316.8 1.6

Ny 97.3+2.9bc 8.7+0.3ab 6 000.7+£173.2 1.6

Sig. ok ** ns ns

Wi 60%; W, 80%; Wt , 1920 m*>hm™; N;: 0 kg(N)-hm™%; Ny: 40 kg(N)-hm™2; N3: 80 kg(N)-hm;
Nu: 120 kg(N)-hm™ *  #* 0.05  0.01 ,ns ;
(P<0.05), Wi: 60% of the conventional irrigation amount; W,: 80% of the conventional irrigation amount; W3: the conventional

irrigation amount, 1 920 m*-hm™; N: 0 kg(N)-hm™; N: 40 kg(N)-hm™%; N3: 80 kg(N)-hm™>; Nu: 120 kg(N)-hm ™. * and ** indicate significance at 0.05
and 0.01 level, respectively; ns indicates no significance. Different lowercase letters indicate significant differences among irrigation treatments at
0.05 level. The same below.
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40 cm 40~60 cm  0~60 cm S 20~40 cm 40~60cm  0~60 cm
(P<0.05), W, W, Wi , W,
s 20~40 cm W3 W,
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2.3
) N N; (P<0.05)
2.2.2
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(3 ; W2N;
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W;,N; S 40~60 cm s
W;N, 0~20 cm 20~40 cm 40~ s s
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Table 2 Effect of water-nitrogen interaction on alfalfa root volume in different soil layers
Root volume (cm*m™)
Treatment 0~20 cm 20~40 cm 40~60 cm 0~60 cm
Irrigation amount
W, 241.1 68.9¢ 39.4b 349.4¢
W, 259.4 285.6a 85.0a 630.0a
W3 255.0 212.8b 40.6b 508.3b
Sig. ns ok sk ok
Nitrogen application rate
N, 272.6¢ 211.1a 37.0c 520.7b
N, 324.4a 208.1a 60.7b 593.3a
N; 204.4b 185.9a 83.0a 473.3c
Ny 205.9b 151.1b 39.3¢ 396.3d
Sig. w3k *% Hk o
X Irrigation amount x nitrogen application rate
W, Ny 213.3+£33.6¢ 17.8+3.8f 24.4+4 4ef 255.6+34.9f
N» 333.34+20.4ab 40.0+3.9f 22.2+412.4ef 395.5+£34.7¢
N3 277.8+9.7b 91.1+12.4¢ 40.0+3.9de 408.9+18.2¢
Ny 140.0+£10.2d 126.7+£29.1¢ 71.1£5.9b 337.8+26.2¢
W, Ny 291.1+21.9b 344.4+25.6a 51.1+4.4cd 686.7+44.4b
N> 360.0+£35.3a 382.2+29.1a 128.9+£5.9a 871.1£18.9a
N3 182.2+4.4¢cd 277.8+9.7b 142.2+8.0a 602.2+12.4¢
Ny 204.4+5.9¢ 137.8+11.8de 17.8+4.4f 360.0£13.9¢
W; N, 313.3+10.2ab 271.1£5.9b 35.6+2.2def 620.0+7.7bc
N, 280.0+13.9b 202.2+9.7¢ 31.1£5.9ef 513.3+17.7d
N3 153.3+27.0cd 188.9+£2.2ce 66.7+3.9bc 408.9+£31.1e
Ny 273.3+£13.9b 188.9+21.2¢cd 28.9+5.9¢ef 491.1426.2d
Slg ko ko k% k3
x3 KEEEMNZREERHTEYENE N
Table 3  Effect of water-nitrogen interaction on the underground biomass of alfalfa
Underground biomass (g:m™)
Treatment 0~20 cm 20~40 cm 40~60 cm 0~60 cm
Irrigation amount
Wi 453.5b 372.4b 305.7b 1131.7b
W, 573.1b 420.8ab 353.7a 1347.6a
W3 503.9a 446.3a 379.7a 1329.9a
Nitrogen application rate
Ny 484.9b 370.1b 305.4b 1160.4b
N 520.3ab 377.7b 348.0b 1246.1b
N3 581.6a 500.3a 396.9a 1478.8a
Ny 453.9b 404.6b 335.2b 1193.6b
x Irrigation amount x nitrogen application rate
W, N, 607.7+£86.9b 400.3£29.8abed 267.0+4.4ef 1 275.0+120.0bcde
N, 486.7+27.7bc 268.7+15.9¢ 253.9+1.6f 1.009.3+42.5¢ef
N3 451.0+£8.1¢c 486.7+27.7ab 412.6+14.5ab 1 350.2+39.2bc
Ny 268.7+15.9d 333.9+46.1cde 289.5+21.9def 892.1+82.9F
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Treatment

Underground biomass (g'm™)

0~20 cm 20~40 cm 40~60 cm 0~60 cm
x Irrigation amount x nitrogen application rate
W, N, 407.3+49.4c 424.9+45 4abc 304.9+17.0cdef 1 137.0+107.8cdef
N 485.9+36.3bc 363.7+40.8cde 363.7+40.8abcd 1213.3+114.6¢cde
N; 795.0+43.1a 513.5+26.6a 410.7+26.7ab 1719.1+£57.2a
Ny 604.3+44.7b 381.0+40.9bcde 335.7+15.7bcdef 1321.0+96.5bcd
Ws Ny 439.7£17.3¢ 285.2+17.1de 344.4+43.5abcde 1 069.3+39.1def
N, 588.4+26.7b 500.6+46.6a 426.5+20.3a 1 515.6+75.8ab
N; 498.8+45.0bc 500.7+27.0a 367.4+37.8abed 1367.0+£90.5bc
Ny 488.4+33.5bc 498.8+44.9a 380.3+20.3abc 1 368.0+96.4bc
Slg *%k 3k * *%k

x4 KEBEMEEERH LM TEYE LMW

Table 4 Effect of water-nitrogen interaction on the ratio of aboveground biomass to underground biomass of alfalfa

Treatment

Ratio of aboveground biomass to underground biomass

0~20 cm 20~40 cm 40~60 cm 0~60 cm
Irrigation amount
A 33 43 4.9 12.5
W, 3.8 43 5.0 13.1
W3 3.8 4.5 52 13.5
Sig. ns ns ns ns
Nitrogen application rate
N; 3.5b 4.5b 5.2ab 13.2b
N, 3.2b 3.7b 4.2bc 11.0c
N3 4.9a 5.7a 6.0a 16.6a
Ns 3.0b 3.6b 4.8b 11.4bc
Sig. Hk Hk * ]
X Irrigation amount x nitrogen application rate
Wi N; 4.0+0.6bcd 5.9+0.3ab 5.0+0.8bc 14.8+0.4b
N, 2.8+0.3def 3.1+0.4¢ 4.5+0.9bc 10.4+0.9¢cd
N; 4.6+0.8b 3.7+0.4c 4.240.2bc 12.5+1.2bed
Na 1.9+0.2f 4.6+0.3bc 6.0+0.1abc 12.5+0.3bcd
W, N, 2.240.4ef 3.3+0.2¢ 4.8+0.1bc 10.3+0.6¢cd
N, 3.4+0.3bcde 3.4+0.3¢c 4.0£0.2¢ 10.8+0.6¢cd
N3 7.1£0.3a 7.2+0.3a 7.5+0.3a 21.7+0.8a
Na 2.4+0.1ef 3.4+0.4c 3.8+0.3¢ 9.7+0.7d
W3 N, 4.24+0.6bc 4.4+0.7bc 5.7+0.9abc 14.4+1.2bc
N, 3.240.4cde 4.4+0.7bc 4.0+0.5¢ 11.7+0.9bcd
N; 3.0+0.1cdef 6.4+1.5ab 6.4+1.5ab 15.7£3.0b
Na 4.6£0.3b 2.9+0.1c 4.5+£0.3bc 12.0+0.4bcd
Sig. *% *% * *%
; N3 WN;
(P<0.05) :
2.4 . W, (P<0.05);
1 N, (P<0.05)
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Fig. 1 Effect of water-nitrogen interaction on irrigation water use efficiency of alfalfa
1A: ; NAR: ; [AXNAR: IA: irrigation amount; NAR: nitrogen application rate; IAXNAR:

interaction between irrigation amount and nitrogen application rate.
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Fig. 2 Surface charts of underground biomass (a) and water use efficiency (b) of alfalfa under water-nitrogen interaction
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