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Effects of intercropping with green manures on soil nutrients and traits

of Xinxin 2 walnut

NING Wanjun', ZHANG Qiang', HUANG Minmin", LIU Xuli’
(‘Research Institute of Economic Forestry, Xinjiang Academy of Forestry Science, Urumgqi 830000, Xinjiang, China; *Xinjiang Vocational
and Technical College of Construction, Urumgqi 830000, Xinjiang, China)

Abstract: [Objective] The effects of different green manure intercropping and overturning treatments
on soil nutrients and traits of Xinxin 2 walnut were studied in order to establish suitable green manure
intercropping pattern for improving walnut quality, orchard soil fertility and orchard ecological environ-
ment. [Methods] Three green manure plants, rape, pea and Chinese milk vetch, were interplanted be-
tween rows of Xinxin 2 walnut trees. They were turned over at initial blooming or full blooming stage.
30 days and 60 days after turning over, soil nutrient contents were determined. In August, the leaf traits
of Xinxin 2 walnut under different treatments were determined, and the character and quality of mature
fruit were tested at the end of September. [Results]The results showed that the change pattern of soil
nutrient content was different under different green manure intercropping and overturning treatments.
At 30 d after overturning, intercropping with all the three manure plants increased the contents of soil
organic matter, total nitrogen, hydrolytic nitrogen and total potassium initially, but decreased them in lat-

er periods, and finally caused a lower nutrient level than before green manure sowing. The soil organic
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matter content increased by 0.40 g- kg, 0.30 g-kg"' and 0.10 g-kg"' by intercropping with rape, pea and
Chinese milk vetch, respectively; hydrolytic nitrogen by 7.60 mg-kg", 17.80 mg-kg"' and 15.30 mg-kg",
respectively; and total potassium content by 3.50 g-kg', 1.30 g- kg and 0.60 g- kg, respectively. 60
days after pea green manure was overturned, the pH of the soil increased and became higher than that in
the rest treatments, but pH only increased by 0.16.30 days after rape, pea and Chinese milk vetch were
overturned, the total value of soil nutrient content increased significantly by 3.88 g-kg", 1.69 g-kg" and
0.83 g-kg'', respectively. However in CK, it decreased by1.31 g-kg"'. Among the three green manure in-
tercropping modes, there were no significant differences in leaf area and perimeter. The leaf area was
5.29% and 4.88% higher than CK in rape and Chinese milk vetch intercropping, respectively. The hun-
dred-leaf fresh weight and dry weight of Xinxin 2 walnut reached 340.64 g and 115.12 g under pea in-
tercropping, respectively, which were 13.07% and 20.71% higher than CK, respectively, and significant-
ly higher than those in the other treatments. There was no significant difference in the dry-fresh ratio of
walnut leaves among different treatments, which was between 0.32 and 0.34. The nutrient content of
leaf showed significant differences among different green manure intercropping. The leaf N content un-
der pea and rape intercropping was 26.00 g -kg' and 25.80 g - kg, respectively and highest among all
treatments. There was no significant difference between the two treatments. The leaf P content under
rape intercropping was 2.46 g-kg"', which was 59.74% higher than that of CK and significantly higher
than in pea and Chinese milk vetch intercropping. The leaf K content under pea, rape and Chinese milk
vetch treatment was significantly higher than that in CK, and increased by 43.62% , 29.79% and
23.40%, respectively. The chlorophyll content of Xinxin 2 leaves reached 53.74 under pea intercropping
treatment, 6.00% higher than CK. It was higher than CK and intercropping with rape or Chinese milk
vetch. The longitudinal and transverse diameters of Xinxin 2 walnut fruits showed no significant differ-
ence among the four treatments. However, pea intercropping could significantly increase fruit lateral di-
ameter by 1.91% (34.13 cm), significantly higher than the other treatments. Both pea and rape treat-
ments could significantly improve the single fruit quality of Xinxin 2 walnut, they were 17.13% and
11.80% higher than CK, respectively. The kernel weight reached 7.38 g under pea intercropping, which
was significantly higher than that in the other treatments. The shell thickness of Xinxin 2 walnut was
1.33 mm and 1.29 mm under pea and rape intercropping treatments, respectively. There were 27.88%
and 24.04% higher than CK, respectively. The protein content of Xinxin 2 fruit was not significantly dif-
ferent between pea and rape intercropping, which had a protein content of 193.00 g-kg™"' and 192.00 g-kg',
respectively. The fat content of Xinxin 2 fruit reached 653.00 g - kg' and 652.00 g - kg 'under Chinese
milk vetch and rape intercropping, respectively. They were 2.35% and 2.19% higher than CK, respec-
tively, and also significantly higher than pea intercropping treatment. [Conclusion]JAccording to the ac-
cumulation of nutrients in the soil after each green manure treatment, as well as leaf traits, nutrient con-
tent, and fruit quality traits, intercropping with pea is the best, followed in order by rape and Chinese
milk vetch for Xinxin 2 walnut orchard.

Key words: Walnut; Xinxin 2; Green manure; Soil nutrients; Fruit quality
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Fig. 1 Effects of soil organic matter content under
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Table 1 Effect of different green manure intercropping treatments on leaf trait of Xinxin 2 walnut

AbFR - THIAR RS Ko L [ELR 0 [ELuS it FEELE
Treatment Area/em’ Perimeter/cm  Length-width ratio  100-leaf fresh weight/g 100-leaf dry weight/g Dry-fresh leaf ratio
Xt AR CK 118.97+1.58b  73.95+4.55b 1.54+0.03 b 301.2743.72 b 95.37+3.83 b 0.32+0.01 a

VI Rape 125.26£1.95 a 82.38+6.98 ab  1.60+0.04 b 296.90+1.98 b 99.79+1.82 b 0.34+0.01 a

Pt Pea 122.93£0.97 ab  98.86+5.94 a 1.77+0.02 a 340.6442.69 a 115.12+4.27 a 0.34+0.01 a
KR 12478+2.01a  93.45+631a  1.53+0.03 b 305.06+1.84 b 97.15£3.72 b 0.32+0.01 a

Chinese milk vetch

T AT R AN NG TR E R R (p<<0.05). T,

Note: Different small letters after the number in the same column indicate significant difference at p<<0.05. The same below.
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3o B 2 SRRk TR R AT B A R ATIA
F340.64 g, 115.12 g, th CK 43 A $2 &5 7 13.07% «
20.71%, ) B E m T HA I AL HE . 4 Fp b3 (a A
T LA T B35 25 52, LU 4EFE7E 0.32~0.34.

HOR 2 SRk A N AR SR AE TR
ik F B, 2 A F) 26.00 g-kg ' 25.80 g kg, I 4b
HELEEER BHEERT CKLE L
PR . AP EEEMKENE TR R, A
246 g-kg', L CK#2EH 17 59.74%, W& = T i 5 &%
oI CK AR, N 1.54 g kg'e M KE
BAE 4P IR RS E R, UG SR R R

R2 TREIZAREMEAIEXEE 2 SEH A EFRS BTN
Table 2 Effect of different green manure intercropping

treatments on leaf nutrient content of Xinxin 2 walnut

w(N) w(P) w(K)

JEERERIE T K SRS R E S T CK AR, 4
SR T 43.62%29.79%23.40% . i 5. [A] 1 kb B
THH 2 T g R S EILF 53.74, L CK Ab B
FeE 1 6.00% , 2 35 m Tl L CKL SR ik 7 .
WEEAE R 2 5 A SRR 58S CK LEE
e B BE S TR b,
2.3 ARZAEEEA XA RIS RMHKA G
SHOHE 2 S AL R SZ YN AR AE 4 Fh Ab LR 0
0 7S AR AE TR B0R 2 5 R SEM AR L CK 42
BT 1.91%,i5334.13 cm, T3 & T HALR, ng
3PN W 2 5 B BT B A AN S Ak 3R ) G
BE R, W CK A Hl3mE 1 17.13%+11.80% , 3 &
FE TR TN CK AT . Mk 5 B B [
NIAEN7.38 g, B E TS K B0 CKAREE, 1
SHZMEREER . BB AEM CK A T8

s The content  The content The content MF4RE SPAD

> = = ANRIA T 0 0 ¥ =
Treatment  coikg) of PlCg-kg") of K/(g-kg'y CMIoroPhyl 125 AR5 HIIE 3 60.51%+.60.20% , 15 2 7] JE &
AHECK  25.4040.05b 1.5440.07c  9.4040.11d 50.70+0.59 be =2, (B 2 T S i S IR A AL B (3R
Wi Rape 25.8040.04a 246+0.13a 1220:0.09b 51.84£039b 3). 2 SpkaES JIAE B S AN AR AL T
WiZ Pea 26.00£0.08a 2.14+0.12b 13.50+0.07 a 53.74+0.51 a %%Ujﬁiu 10820 N\ 10204 N’ i@ﬂ%%% CK&%E
f pau 24.90+0.11 ¢ 1.88+0.08 b 11.60+0.11 ¢ 49.83+0.34 ¢ . N s, . N
Chinese PR b N SN E 2 ST e i A et iR S B [T
milk vetch AEFETR L HET 2 5 A Bk 5T )R BE 23 i) iA # 1.33 mm,

F3 AREILRAEEMELIEXT FHT 2 SHZtkR S mBEIK BT 220
Table 3 Effect of different green manure intercropping treatments on fruit quality traits of Xinxin 2 walnut

JOBL] X TR sz IR [
Treatment Vertical diameter/cm Transverse diameter/cm  Side diameter/cm Fruit weight/g Kernel weight/g
i CK 39.13£0.27 a 32.38+0.17 a 33.49+0.14 b 11.27+0.19 b 6.770.10 b
2% Rape 39.18+0.22 a 32.00+0.16 a 33.52+0.17b 12.60+0.29 a 6.86+0.11 b
%7 Pea 39.50+0.25a 32.33+0.15a 34.13£0.16 a 13.20+0.28 a 7.38+0.13 a
48 L Chinese milk vetch 39.90+0.31 a 32.40+0.15a 33.36+0.13 b 11.29+0.19 b 6.84+0.15 b
AT HI R w57 T w(E H D w IR
Treatment Kernel percent/% Sewn together/N Shell thickness/mm  Protein content/(g-kg")  Fat content/(g-kg™)
X CK 60.20+0.59 a 85.81+4.38 b 1.04+£0.03 b 174.00+£2.09 b 638.00+2.02 ¢
3% Rape 54.89+0.95 b 102.04+3.60 a 1.2940.02 a 192.00+2.98 a 652.00£1.30 a
Wi Pea 56.09+0.63 b 108.20+4.60 a 1.33+£0.02 a 193.00+1.61 a 644.00+£2.66 b
%2 7JE Chinese milk vetch  60.51+0.73 a 80.79+3.54 b 1.03+0.03 b 178.00+2.24 b 653.00+1.84 a

1.29 mm, B & [AE 3 22 5, (A B & T CK
S TR R AL, 43 5 b CK AR FER 5 T 27.88%
24.04%. SHUET 2 5 RS0 E i S B AR B S AR
[ AL 3T TG 2 35 2 5%, 70 )5 31 193.00 g - kg
192.00 g-kg', B E = T HE 5N CK A, 5
2SR IRAE BT, B R 2 5 RS R i & = 4y
135 5] 653.00 g - kg 652.00 g- kg, 43 5 Eb CK &
tH 2.35%.2.19%, i 2 18] G i 3% 72 5%, (H ) B 35

mTWiE M CKAbH,
37w
SEIEHENTFEN LB RERCRERFR S, HA
SR AEFE PN 13 772 43 138 0= K T B R SR
TR R, A S BB JE R g R 2 R A K AR
5 R 1 R oA Wl a0 Bl i R =i s Wl N o = 11}
FIT A2 A B RN BT, J BRREE %, B K S i e el R
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S

39%

TEE RN R b, T s SR
FTFRBENAEK, KERHER T LRSI EE
(1) 22 5, DAL A R AE 80 I 5 4% RS 97 & s ek i 22
SRV ZR AL SR TN . SRR AR 35 o b
JE A 11 C0~30 ) « HH 3 A 1 (30~60 dD 2218 /i3 it
11 (60~120 d) 3 AN 3™, HL 43 BE 10 J8 fift 3 R 3 1
15 d R, B BRI KT 50%, JE# 30 d
JE B R BITE 80% L 12, 56 45 SRR W, 4R Y
JE30 dJ& » R B R AR B R g A L
A K AR R ATl A O A R O )
B LA AT 2 B3 = T 3.88.1.69.0.83 g - kg, 1M
CK TR T 1.31 g-kg', 1t 13X 3 Fh & e 76 7
JE A 5 S5 e BB B AR I AE T SR AR AR A
W, T AR AR R U AR R T LR R R IR .
B 5 2R AE B0 5 I (8] () HE %, i g IR B 23
BRI, FERIIE 60 d 5, T3 F7 & i (i 581k
T UE, PSS RS IE A KR IRE AR
W R 5 B s IR A Bk AR ks . BIE 30 d
I, 3 M ag AL /R LA & B A T, 5
gk SR AE IR B X A TR 7 S0 AL
HEPH ARG R -, Kbk Rk SR T
3.85%. AN[F) 2% AR AL B b A8 1) A AR L A L AR
TR B A AN IR B R, o R = Rl AR
TR S BT T 27.97% JHSEAE R 2448
HBIER T 174% BERE M ERS T
11.76% , 55 K& W I 250 22 47 #ig 2509 AR e 59,
K LI S g BAH — 2, SRAEENE 30 di, 3
S A B AN AE R = SN AL R R A AT N, 4 )
WK T 14.64%.5.56%. 3530 e B WA
WK, 3 Fh g B AL BN 05 rh s S A B A T
WD, T RE S AR R IR 5. SRARTRIE T
TIEpH A5 CK i3 2 7, (A 3k 25055 BTt
frtass, BB /NT CKIEE .. AR N IEE
JEJ& » 45 pH A 185 T BN H WA BT A A
[F AR TR 75 J5 6 358 pH B A AN [H] F 527, 4
EREFC AL A A T4 e et X 145 pH B
T e 2 M T Sl 2 398 DR A Ak P T R 10 928 ] e
PN N S AN G T T ALY W D o= 7
FrU8, AR I 45 5 5 R ST AL, 3 Fd 4 I 1) 4 Ak
PH RE 2 35 5 SRR 2 S Ak AR e R A B
CK 73 A #2151 3.33%~5.29% 11.40%~33.68%.
2SR RERE T RE ST

THSE S8R 25 G R B 5 B A [) & A Ach B ) A Ak v
B TR AFAE 22 o AN RIS IR AL EE X H 8 2 5 %
B F NP K S RN [, I P AR SR
AbHE R B CK B 2 59.74% , K &5 7 i W AL HE
TNEECK B m H 43.62%. AR 56 o i O AL HE R i
F R R A B R T AR AL I SR A
Aib B 55508 HE 2 S 0 2 U RS 2 TR I SR IR
BigeRERSH 2 SRS E. X51F
16 S5 USRIE 5T 5 10 BE A AR AL, SO AN [ T 3% 4 2 4R
RS, B A SR SETRER THEL
AR, g L A) A T KOIE — PR Ak B AR R T AR AR
7= B 0SSR 5 AR R AR | e R S Y, A
FH, PR B Ll B T A DR it SR Ak B T A
IKAE 2 1 13.84%, ¥ e £ AT AT 5% 38 38 B pk B
R EY, K HFE TR R R, AR
SR 5T N X (7 S S R Y = S W P
AR A, B 0 A B T R R R 2 S A bk
AR Je A= &, TR B 3 52 i 5 2 b b B ) R O 25 4
SR VAR S e R Ut SN Y P E S
I3 &, o] IR mT R 2 S Ak I R A R

4 #Z w

AR A 5 i 2o A T 11 8 s i - 33 o TR A R
B BERE 2 SRk A MR R IR B RS
AR S 7 T 25 & 3R B, BB 2 5 kAT 1) &
ol 1 B0 2R IE AR A Tl S, T s TR =
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