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Abstract

Aims In China, the restoration of degraded grasslands is impeding the management of grasslands and their
sustainable utilization. Soil nutrient deficiency is one of the main constraints for restoring degraded grassland. The
essence of soil nutrient regulation is to restore the original dominant species, promote grassland productivity and
the occupancy of high-quality forage in degraded grasslands, and meanwhile diminish the negative environmental
effects caused by nutrient addition.

Methods Taking advantage of a restoration experiment carried out in a degraded grassland of Hulun Buir, in
terms of the deficient soil nutrients, the limiting elements for plant growth and the nutrient specificity for different
plant species, we developed soil nutrient regulation technique.

Important findings The key technical points are as follow: demand-based dosage, synergy of nitrogen and
phosphorus, microelements supplemention, early-spring fertilization, deep fertilizaiton and strip operation. Soil
nutrient regulation technique has broad prospects in application in Hulun Buir grassland, China. Improving the
productive and ecological functions of degraded grasslands is of great significance for increasing the income of
farmers and herders, ensuring the security of fodder grass supply, and safeguarding ecological security and
national unity in northern China.
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Fig. 1 Technical roadmap of soil nutrient regulation technology in degraded grassland.
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Fig. 3 Effects of different numbers of added nutrients on
aboveground biomass in Hulun Buir steppe (mean + SE). Eight
nutrient factors are nitrogen, phosphorus, potassium, calcium,
sulfur, magnesium, iron and micronutrients (iodine, boron,
manganese, zinc, sodium, molybdenum, copper, cobalt and
chlorine as one factor). NOPO, no nitrogen and phosphorus
addition; N1PO, nitrogen addition; NI1P1, nitrogen and
phosphorus co-addition. The amount of nitrogen and
phosphorus added is 20 and 2.95 g'rm?-a' (modified from
Peng et al., 2022).

1000
o ab a
g 750 ab ab
2 I b
<
: l
=]
2
E
g, 500~
[
>
2
<
=
4 250
RE
=)

O 1
1.00 1.25 1.67 2.50 5.00
FBELL NP

B4 AR RO LS WPAG ULR B J it A 8 K S e (T 24
fEERREDR, n=12). ARVNGFRANERZE R B3 (p < 0.05).
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Fig. 5 Aboveground biomass of all species (A), Leymus chinensis (B) and the density of Leymus chinensis (C) under different
timing of nutrient addition in Hulun Buir steppe (mean £ SE, n = 6). CK stands for no fertilization. April and July stand for
fertilization time. Nutrient additions are 10 and 3 g-m % respectively. Different lowercase letters indicate significant differences

among different treatments (p < 0.05).
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Fig. 6 Aboveground biomass (A), biomass proportion of Leymus chinensis (B) and species richness (C) under different nutrient
addition treatments in Hulun Buir steppe (mean + SE, n=5). CK, N1P1, N2P2, N3P3, N4P4, N5P5 stand for no addition, addition of
48 gNm>+15gPm>72gN'm>+225gPm>9.6gNm>+3.0gPm?> 120gNm>+375gPm?% 144gN-m>+45g
P-m 2, respectively; N, nitrogen; P, phosphorus. Different lowercase letters indicate significant differences (p < 0.05); ns, p> 0.05.
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IRELJFEIF R T KR AIRTE R o BAPAS DR T
IRES AR B NP, 1% X8 T SR T 5 Kk
P A E, FEFBREN-1.5 T, EHRKEL
350 mm, HIERAONBEE L JFAE R R AR E
B, WMTEFTE, HArkFHhERMRE, £
o AR LEBIAS R 20%, Hb AR &R T .

20224F, WHRES LR B0 K F IR A0 5 R 1 48 97
SRR Z15 333 hm® (877 1 )EEHIE F 4T 5
BEAT T BB (B17). FE4H 5-15H, 736X A8 S %
FOHLIEAT B 13 AR . FEFHHLAT BE H20 cm, %
M35 om, & IEFEE N300 kg-hm 2, F1& %0
FEAURINE N97.58130.0 kg-hm 2. ZEHEAT HIEF 4
VAT, SR 2% A BR 7 AT 1R, DA AR AE )
ZREMEA S TR, AbFR DRI IR X 4547 56 B 43 M
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12 16 m.

20224F8 H A, XTIBAG LR I8 R A TR R
F SRR BEAT T RE TR A, TR T IR
ZHAR MRS T RBER R . S0
EL, ACERIX ML AR H1209.8 gom 21N £578.8
gm”, BN T 17645 PR AR A Y B L A e
33.0%42 = 2156.1%, 25 1 69%; FHEEH116.5
Ph-m 22 w5488 8%k m 2, e 73204, ALk
PR W% 2 TA-TD).

4 5B

BT, BAEE LIERSREHARCRENZ
TEHBXIAE DURTT . iR el i ARG RIS %2
BRHEST R 2187 F5hm? (1302 Ji 1), HWAE T &
ERIME R FERI: (OBEm 2R, D
A AR = B IN50% A b, 2 W EMD R E &
REREIG 1215 . Q)PLBUHCR b B AP & LL g .
I8 B A0 b A ) R (2 ) [ B AR AT DATE 1-24F
P H 10%32 15 3160%—80%, M 117 SZEILFE V& 45 14 [ TR
HIKE . Q)RR &, ZHEARA T,
F2 BLR 0 5 F Al AKORT SR B K, R KR FH A
EIRE12M%. OFEWZ T e, 12417
REAL A BRI RN 2 B, A e X Sk A g,
Al Rg R I A S B 2 R BRI S 1 . (S)IRE
R, RS TE 1-24F NP Pk & B DUAR TR B2
e 35 1 SR AR BEVR S5 4

B R 377 o A R TE RS DURIB ML 5
JE N B BB AR S . 1% AR S 3%
TR ERE R A, W R A 5
WRERE, AR T RIS R FIK 3k . ARSI
Bk sh 7 ik R B, ek ik Rt
WANE T %M. Ak, ZEAR PSR B E 4
Grakat . AEFEE, KRR B R T
N B O R R ER HE R TR R . DL X2
SRR R R RO, RS DUR R A £ R 5 1.875
km? (ZE125, 1980), [ 2 B & R I RIZ)122 Fikm?
(AR, 1993). IR10% K HREFIRE T
NP ERE R, DEhm® T 57 B T750 ke
i, DUl A AT ANAR B AR 170 FTt, Z0AH 212021
SRR O R (1199 T3 t) L 1190%, 1 A AL
P B [ 0 p HE 2 4
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