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Characterization of the growth of Jatropha curcas under water-nitrogen

coupling condition and its root soil water and nitrogen migration
MIAO Weiwei YANG Qiliang* XIONG Kai HAN Huanhao LIU Xiaogang ZHOU Ping CAO Chunhao

(School of Agriculture and Food, Kunming University of Science and Technology, Kunming, Yunnan 650500, China)

Abstract: In order to study the physiological growth characteristics of annual seedling of Jatropha curcas and explore
the law of water and nitrogen transfer in the root soil of Jatropha curcas under three drip irrigation levels, 10 mm(W1),
20 mm(W2) and 30 mm(W3), and three nitrogen(urea) levels, 0 g(NO), 90 g(N1) and 180g(N3) pre tree were applied.
The results showed that the coupling of water and nitrogen had significant(P<0.05) or extremely significant(P<0.01)
effects on the plant height, stem diameter and biomass of Jatropha curcas with some interaction effects between them.
Under W1 treatment, the growth and dry matter accumulation could be promoted by applying appropriate nitrogen
fertilizer. The values of stem diameter, plant height and measured biomass of N1 were larger than those of the others

treatments when only considering the N treatment, while for the irrigation condition, W2 group had larger values of stem

YisHE  2020-02-21 EEIHE  2020-04-24
HEEMAE (51379004) (KKPS201923009)
fE&ET (1996—) 1457754563@qq.com  *

yangqilianglovena@]163.com



554 ( ) http://xb.hunau.edu.cn 2021 10

diameter, plant height and measured biomass. Longitudinally, the mean water content achieved the peak in the middle
layer(>20-40 cm) from the 2016 June and September root, followed by the deep layer(>40-60 cm) and the shallow
layer(0-20 cm). The water distribution was more uniform across soil depths in June and September 2017. Under nitrogen
treatment(N1, N2), the mass fraction of nitrate nitrogen in the deep soil layer in June 2016 increased over the increasing
of irrigation level, and W3 treatment was more likely to lead to nitrate nitrogen leaching than W1 and W2 treatment.
Horizontally, the mass fraction of nitrate nitrogen at the measuring point 10 cm away from the trunk was lower than that
at the 30 cm away from the trunk. The horizontal distribution of water keeps the same distribution rule with nitrate
nitrogen in June and September, 2016. In June and September, 2017, due to the diversion of Jatropha curcas fibrous
roots, the horizontal distribution of water in the middle soil changed. Based on the study, we concluded that the treatment

with 90 g per tree of urea and 20 mm of drip irrigation level was the optimal treatment for the growth of Jatropha curcas.

Keywords: Jatropha curcas; water-nitrogen coupling; drip irrigation; circular fertilization; soil; nitrate nitrogen

distribution; moisture distribution; migration
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Table 1 Stem diameter and plant height of Jatropha curcas under water-nitrogen coupling and its variance analysis
/mm
06-01 06-20 07-10 07-30 08-20 09-10 09-30 10-20
WINO (14.60+0.40)c (15.20+0.20)c  (17.89£1.02)f (19.69+£1.09)c  (22.39£1.22)f (25.45£1.14)f  (28.41+1.32)d (30.15+1.95)f
WINI1 (15.97+0.15)ab (16.93+£0.19)b  (21.01+£1.46)ab (26.23+2.28)b (30.17+1.44)ab (34.27+1.76)abc (36.75+0.81)ab (38.79+1.32)abc
WIN2 (15.83+0.18)ab (16.56+0.66)b  (20.25+0.27)cd (23.17+0.49)b (27.46+0.42)e (29.95+1.34)e  (32.37+0.62)c  (33.35+0.76)e
W2NO (15.82+0.15)bc (16.46+0.58)b  (19.16+0.78)de (23.56x1.11)a (26.43+0.53)de (30.81+0.88)de (32.92+1.27)c (35.59+0.95)d
W2N1 (16.80+0.17)a (19.05+0.34)a  (22.02+0.14)a (27.45+1.54)a (33.67+0.89)a (34.94+1.52)a  (37.73+1.81)a (39.67+0.20)a
W2N2 (16.13+£0.24)ab (16.93+£0.07)b  (19.54+0.79)de (26.56+1.37)b (28.96+0.87)cd (32.75+0.50)bcd (35.53+0.81)ab (37.53+1.05)bcd
W3NO (14.91+0.15)c  (15.67+0.48)c  (18.22£1.43)ef (20.71£0.77)c (23.45£1.06)f (25.95£0.41)f  (29.30+1.66)d (31.79+1.37)fe
W3N1 (16.53+0.99)a (18.79+1.15)a  (21.57+0.67)bc (26.43+0.53)a (30.96+0.88)ab (34.72+0.93)ab (37.71+0.60)a  (39.16+0.98)ab
W3N2 (15.94+0.24)bc (16.90+0.58)b  (20.63+0.38)e  (24.47+0.41)bc (28.77+0.88)f (32.26£1.27)cd  (35.19+1.23)b  (36.97+0.86)cd
W * * k3k dk kk skk kk dk
N ek sk sk sk sk sk sk dk
WxN * sk sk sk *k sk
/mm /em
11-10 11-30 12-20 06-01 06-20 07-10 07-30
WINO (30.99+1.74)d (32.04+1.42)e (33.67+1.41)e (25.60+0.88)d (27.00£1.00)f (30.67+0.76)d (39.67+1.53)f
WINI1 (40.76+0.52)a (40.85+0.86)bc (41.70+1.16)b (26.67+0.58)bc  (34.67+2.52)cd  (55.33+£3.51)b (78.67+5.51)¢c
WIN2 (33.56+0.86)c (35.86+0.98)d (36.57+0.68)d (26.00+0.44)dc  (29.33+0.50)ef  (37.00+5.00)c (61.33£5.69)d
W2NO (37.84+1.35)b (40.33+1.54)c (41.46+0.78)b (26.67+0.44)bc  (32.00+1.00)f (59.00+2.65)b (81.00+4.58)¢c
W2N1 (41.65+1.80)a (43.09+1.29)a (44.12+0.44)a (27.33+£0.29)a (40.33+3.06)a (71.33£2.52)a (102.67+4.16)a
W2N2 (39.51+1.21)ab (41.46+0.98)abc  (42.56+0.89)ab (26.87+0.44)b (38.67x1.53)ab  (60.67+1.53)b (89.67+£2.08)b
W3NO (34.78+1.28)c (37.33+0.65)d (39.26£1.20)c (26.33£0.44)c (27.33£1.53)e (31.67+£3.21)d (49.00+2.00)e
W3N1 (41.07+1.30)a (42.65+0.72)ab (43.68x1.17)a (27.25+0.58)a (37.33+£2.08)ab  (69.67+2.31)a (93.67+5.86)b
W3N2 (39.43+1.00)ab (40.74+0.98)bc (41.55+1.35)b (26.67+0.29)bc  (35.33+2.52)bc  (58.33+3.79)b (80.33+6.43)b
W kk dk kk * kk dk kk
N sk ek sk * sk dk kk
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/em
08-20 09-10 09-30 1020 11-10 11-30 1220
WINO (62.67+0.58)f (85.67+£2.52)f (106.33+4.73)g  (128.33+£3.06)e (139.67+£3.51)e  (140.67+4.93)e (144.67+4.16)f
WINI  (103.3322.08)c  (123.0042.65)c  (147.33+3.79)d  (160.0043.61)c  (166.00+8.19)d  (171.00+7.00)c  (189.33+5.51)d
WIN2  (923324.16)de  (117.67#4.16)c  (135.67£2.08)e  (145.00£5.57)d  (148.33+5.51)e  (149.63£5.51)de  (152.00+4.58)ef
W2NO  (96.67+6.11)cd  (122.0045.57)c  (143.67£5.86)d  (173.33£9.87)b  (186.67+4.16)c  (195.3346.11)b  (195.6745.51)cd
W2NI  (133.6742.52)a  (161.33£2.08)a  (183.00£3.61)a  (206.33+4.73)a  (219.00£4.00)a  (230.3343.06)a  (235.67+11.06)a
W2N2 (131.00+12.12)a  (158.00+14.11)a  (181.33£5.51)a  (195.33£10.07)a  (201.00+4.58)b  (202.67+6.43)b (217.33£2.08)b
W3NO  (83.67+4.51)e  (103.0046.24)d  (122.33+4.16)f (134.33£3.06)c  (140.33+7.23)c  (152.00+4.00)d  (157.00+4.58)c
W3NI  (130.00£1.73)a  (159.3342.52)a  (172.67+4.93)b  (203.67+5.03)a  (217.6742.08)a (227.3343.06)a  (234.33+1.53)a
W3N2  (114.00+557)b  (136.6743.06)b  (157.33£321)c  (176.67£4.73)b  (192.00+4.58)c  (200.33£6.11)b  (200.67+6.66)c
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Table 2 Biomass and variance analysis of Jatropha curcas under water-nitrogen coupling
/g /g /g /em
2016-10 WINO (23.33+0.58)g (10.90+0.57)f (25.12+£2.35)g (9.83+1.05)g (10.33+£0.36)g
WINI (69.00+1.00)d (28.17+1.67)d (134.36+7.78)e (25.34+0.65)f (14.47+0.95)f
WIN2 (55.00£2.00)f (19.40+1.09)e (41.75+£5.44)F (15.31+£0.67)g (11.64+0.82)f
W2NO (61.33+5.69)e (25.68+1.03)d (289.64+8.35)b (63.67+4.11)c (19.86+0.77)¢
W2N1 (97.00+5.29)a (62.38+5.37)a (313.94+7.25)a (110.33+12.10)a (24.50+1.75)a
W2N2 (85.00+2.65)b (36.99+3.20)¢c (267.23£7.62)c (89.92+4.04)b (21.91+1.02)b
W3NO (60.33+2.89)ef (16.84+1.42)e (145.58+8.43)e (41.25+491)e (15.69+0.66)ef
W3N1 (74.67£3.51)c (42.07+4.03)b (229.58+2.66)d (51.53+2.02)d (18.77+0.85)cd
W3N2 (68.67+1.15)d (39.91+2.22)bc (147.05£11.34)e (41.25+491)e (17.25+0.64)de
W kk dk sk Kk kk
N sk sk sk sk sk
WxN * sk w3k sk *
2017-10 WINO (101.33%6.11)g (67.00+4.58)g (155.67+6.81)f (103.33£9.61)f (31.46+2.55)f
WINI1 (213.00£12.12)d (113.00£2.65)f (321.00+4.58)d (135.67+4.16)e (36.93£1.10)bc
WIN2 (193.67+£3.21)e (108.00£1.73)f (313.67+13.20)d (114.00+4.58)f (33.14+0.41)ef
W2NO (216.33+£9.02)d (147.33£5.69)d (341.33£6.81)d (232.33£3.79)c (35.86+0.90)c
W2NI1 (311.67£18.88)a (296.33+5.51)a (751.33+12.50)a (534.67+8.74)a (42.84+1.50)a
W2N2 (285.00+10.82)b (195.33+8.74)b (635.33+54.86)c (294.33+7.64)b (39.10+1.95)b
W3NO (152.67+4.51)f (134.67+3.51)e (329.33+£6.51)d (179.00+6.00)d (34.86+0.80)cd
W3N1 (244.33£9.87)c (175.00£7.94)c (679.67+£35.73)b (185.67+13.05)d (37.01+0.68)bc
W3N2 (215.33+£7.23)d (166.67£1.15)c (546.33+£21.03)d (188.67+6.03)d (34.88+0.50)cd
W sk *k *k ok k%
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WXN sk sk sk sk *
0.05 ok R 0.05 0.01
23 TIEWMSENSH N2 0~10 cm
1 NO 0~10 cm
0~10 cm
2017
10cm 30 cm
9
( 20 cm)
>10~30 cm
>50~60 cm
2016 6
WIN2
NO
W2N2 W3N2 3~4
NI N2
2016 9

2017 6



558 ( ) http://xb.hunau.edu.cn 2021 10
o= WINO —a—WINI 8- WINZ - WIND —A—WINI —8-WIN2 R o—WINO —a—WINI —_—
T SO oW —a-wi - T SOF Tewimo - m-wn o SOF Wi —aowmi —e-wau T SOF e-uiw —awa —a-wia
S e < a0f < q0p < a0t
'/ —+— 301 /--.. —g—d—4 30 30t
20F 20 201
i
10F 10+ 101 =
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
/em /em /em /em
a b c
W —— Wil :It - WIND —A—WINI —B— WIN2 e WiNI Wiz AR e i
-~ - WIND —A— W2NI i) = - WIND  —h— WIN wan2 Ea —WN N2 -~ = WIND  —d— WIK] 2
;w SO  —e—WiN0 —d—WINI —m—WINZ ] 50 ewkn —awim = une 20 50T -.::at: . ::l:. }‘0 501 Seewan e _._&I:Z
o0 ) ) "
= = 40+ = 40r & 40+
o i 30t 30}
20+ /&::-‘"‘1 20+ e 20t
_— ._ 4 & & a
ol et 1m£;ﬂép+a of e
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
/em /em /em /em
a b c d
a b c d 10cm 2016 6 9 2017 6 9 e f g h
30cm 2016 6 9 2017 6 9

|

1 KFEBETMIFHELRAELENFESRRESH

Fig.1 Mass fraction of nitrate nitrogen in different soil layers of Jatropha curcas planting soil under water-nitrogen coupling

2.4 HIREISIKESH 10 em 30 em
3 2016 6 9 10 cm
®k3 KEWETMIFMHELIRIELEREKE
Table 3 Water content in different soil layers of Jatropha curcas planting soil under water-nitrogen coupling %
10 cm 30 cm
2016-06 2016-09 2017-06 2017-09 2016-06 2016-09 2017-06 2017-09

WINO 21.40+0.43  22.92+0.50  22.87+0.27  30.70+0.85 25.04+0.47  26.46+0.44  20.78+0.46  25.83+0.34
25.40+0.38  24.32+0.52  24.59+0.57  30.72+0.29 27.98+0.61  31.39+0.62  23.08+0.35  24.81+0.37

22.74+0.32  25.40+0.53  26.25+0.45  26.66+0.47 26.53+0.39  28.38+0.38  25.27+0.54  24.84+0.38

WINI1 20.14+0.39  18.33+0.45  22.98+0.34  27.35+0.39 24.01+£0.43  24.04+0.59  21.91+0.51  25.46+0.43
21.99+0.50  22.52+0.35  24.70+0.59  28.66+0.46 25.38+0.46  25.98+0.48  22.48+0.49  22.26+0.53

22.08+0.34  22.46+0.47  22.54+0.56  26.54+0.40 22.88+0.44  24.59+0.24  19.79+0.30  26.12+0.31

WIN2 22.49+0.36  18.07+0.37  27.54+0.42  28.20+0.43 2547035  26.02+0.41  26.51+£0.33  22.90+0.37
24.44+0.50  23.70+0.34  24.34+0.46  29.26+0.41 26.79+0.55 25.90+0.24  24.48+0.41 22.89+0.41

22.39+0.34  24.44+0.41 24.41+0.62  27.30+0.53 26.66+£0.35  27.38+0.44  23.33+£0.60  25.71+0.44

W2NO 23.92+0.42  2521+0.28  26.79+0.34  33.05+0.48 26.28+0.51  25.75+0.46  26.09+0.36  27.30+0.22
25.07£0.49  27.24+0.35  27.70£0.45  30.67+0.41 28.82+0.60  27.72+0.33  26.92+0.31  26.04+0.25

22.32+0.54  25.15+£0.52  25.89+0.40  28.35+0.48 26.65+0.45  25.88+0.45  22.95+0.29  27.89+0.28

W2N1 25.87+0.43  19.55+0.39  27.66+0.29  32.08+0.48 26.71£0.67  22.46+0.76  26.00£0.42  26.96+0.36
28.04+0.35  29.09+0.45  27.00+0.45  32.58+0.42 28.13+£0.49  29.58+0.47  25.05+0.39  22.42+0.36

23.59+0.52  27.84+0.28  23.38+0.40  26.84+0.13 24.95+0.69  28.15+0.44  23.40+048  26.71+0.23

W2N2 17.49+0.43  21.13£0.48  19.55+0.46  29.95+0.23 23.88+0.35  23.01+0.48  18.55+0.38  26.17+0.37
23.00+0.44  24.09+0.26  19.75+0.17  30.84+0.57 2774032  26.2140.63  25.03£0.49  23.79+0.39

20.25+0.50  24.40+0.28  21.34+0.20  27.54+0.43 25.07+0.41  26.23+0.63  25.27+0.35  27.88+0.37

W3NO 26.30+0.28  25.38+0.53  27.82+0.44  34.74+0.55 27.08+0.24  27.74+0.22  27.30+£0.34  29.71+0.36
27.55+0.40  28.95+0.54  28.13+0.55  33.86+0.80 30.51+£0.34  30.07+0.54  26.69+0.66  25.98+0.47

24.88+0.71  29.25+0.58  27.05+0.41  30.73£0.62 26.52+0.35  29.47+0.51  24.73x0.51  28.26+0.61

W3N1 26.75£0.47  26.02+0.29  29.75+0.57  34.76+0.33 28.05+£0.49  26.54+0.40  27.96+0.76  31.29+0.36
28.15+0.54  28.87+0.42  28.24+0.35  35.91+0.58 29.91+£0.41  30.78+0.68  26.94+0.39  29.89+0.46

27.95+0.45  29.84+0.49  28.27+0.32  33.61+0.60 28.66+£0.37  30.93+0.66  28.67+0.35  32.28+0.40

W3N2 26.77£0.29  24.15+0.50  29.40+0.30  33.47+0.43 27.55+0.32  26.04+0.46  28.12+0.32  31.70+0.55
27.92+0.50  26.84+0.65  26.49+0.77  33.11+0.31 29.12+0.21  29.3840.37  25.58+0.36  29.81+0.42

26.71£0.40  25.41+£0.43  26.07+0.52  30.74+0.31 27.93+0.35  27.60+0.48  25.52+0.45  29.94+0.33
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